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These  are  arranged  chronologically.  The  goal  of  this  research  was  to  utilize 
the  reactivity  of  carbon-nitrogen  multiple  bonds  towards  nucleophiles  and 
oxidizing  agents  to  prepare  novel  perfluoroorganonitrogen  compounds. 
More  than  130  new  compounds  were  prepared  and  characterized.  Detailed 
structural  and  theoretical  studies  were  carried  out  on  CF2=NX  (X=F,  Cl,  Br, 
N  =  CF2).  The  diversity  and  fascinating  properties  of  highly  fluorinated 
compounds  should  be  evident.  The  future  in  this  as  yet  young  area  of 
chemistry,  is  clearly  one  of  great  potential. 
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Synthesis  of  l,l-Difluoro-2-azaperhalo-l-butenes  and  Their  Conversion  to 

Oxaziridines' 

Yuan  Y.  Zheng^  and  Darryl  D.  DesMarteau* 

Department  of  Chemutry,  Clenuon  University,  Clemson,  South  Carolina  29631 
Received  June  14, 1983 

At  elevated  temperatures,  JV-chlorodifluoromethanimine  (CFg-^NCl)  adds  to  perhaloalkenes  of  the  type 
CFj^CFX,  forming  CFj— NCFjCFXCl  (X  *  F,  CL  Br)  in  good  yields.  Reaction  of  these  butenes  with  tri- 
fluoromethyl  hydroperoxide  (CF3OOH)  gives  CF300CF2NHCF2C]^C1,  and  subsequent  treatment  with  KHF2 

forms  the  corresponding  oxaziridine,  OCF2NCF2CFXCL  in  excellent  yield.  Eight  new  compounds,  along  with 
the  previously  reported  CF 2°>NCF tCFjCl,  were  characterized  by  their  IR,  NMR,  and  mass  spectra  and  physical 
properties. 


The  synthesis  of  l,l-difluoro-2-azaperhalo-l-alkene8  or 
Ar.(pi»rh«loiil1tyndif1immtnet.hHniinin«>s  of  the  type  CFj^ 
NRj  is  very  d^cult,  and  only  a  few  such  compounds  are 
known.  Examples  have,  in  general,  been  prepared  by 
pyrolysis  of  perfluoro  tertiary  amines  and  by  the  pyrolysis 
of  pe^uoro-2-alkyl-l,2-ozazetidines  or  the  corresponding 
copolymer  formed  from  R^O  and  («1 1“3).  In 


(CjFslsN 


CjF6N“CF2  +  fluorocarbons  (1) 


CjFsN—O  390  *c 

I  I  ■  CjFjN  =  CFj  +  COF, 

CFj-Cf^ 


-f-N — 0— CFjCFj  ■ 


C2F9N^CF2  +  COF2  (3) 


the  case  of  perfluoro-2-azs^ropene,  more  practical  methods 
of  synthesis  have  been  developed  by  utilizing  (CF3)2NC- 
(0)F,  available  from  electrochemical  fluorination  of  (C- 
H3)2NC(0)F,^  or  Cl3CN“>CCl2  from  high-temperature 
chlorination  of  (CHaljNCfOlCl®  (eq  4-7). 

(CFaljNCfOF  CF3N— CFj  +  COFj  (4) 


CL,  hr  CL,  carboa 

(CH3)rNC(0)Cl—  -^5^ 

CI3CN— CCI2  +  COCI2  +  HCI  (5) 

HF  MF 

CI3CN-CCIJ  (CF3)2NH - -  CF3N-CF2  (6) 


CI3CN— CCI2 


NaF,  •utfoliM 


CF3N-CF2 


Our  interest  in  periialogenated  azaalkenes  relates  in  part 

to  the  fascinating  chemistry  of  CF3NCF2O,*  which  is 
prepared  from  CF3N’wCF2^  (eq  8).  Ezteiuion  of  this 

CF3N=CF2  CFjOOH  —  CFjNHCFjOOCFj  CFjN  — CFj  + 


COFj  (8) 

reaction  sequence  to  SF5N"*CF2*  suggested  that  a  varied 


(1)  Work  euriwl  out  in  port  at  Kainat  State  Univenity,  Manhattan, 
KS  6650S. 

(2)  Viaitiag  Scholar,  People'*  Republic  of  China. 

(3)  For  a  review  of  known  compound*  lee:  Haaa,  A.  'Gemelin  Hand¬ 
book  of  Inorganic  Chemiatry*;  Springer- Verlag;  New  York,  llffil;  Part 
9,  p  12s. 

(4)  Hauptaebeen.  M.  i;.S.  Patent  2966517;  Chem.  Abstr.  1961,  55, 
10480. 

(5)  Klauke,  E.;  HoltachmidL  H.;  Fendeian,  K.  Ger.  Offen.  2 101 107; 
Chem.  Abstr.  1972,  77, 125952. 

(6)  Lam.  W.  Y.;  DeaMarteau.  D.  D.  J.  Am.  Chem.  Soe.  1982, 104,  4034. 

(7)  Falardeau,  E.  R.;  DeaMarteau,  D.  D.  J.  Am.  Chem.  Sot.  1976, 98, 
3529. 


of  RxNvwCF2  azaalkenes  might  similarly  lead  to  new  oxa- 
ziridines.  A  patent  on  the  use  of  CF2=NC1  for  the  direct 
synthesis  of  CF2^NRx  compounds  by  thermal  addition 
to  olefrns  appeared  to  be  a  particularly  promising  route 
to  new  aza^enes.^  In  this  paper  we  present  details  for 
the  synthesis  of  CF2™*NCF2CFXC1  (X  =  F,  Cl,  Br)  via  the 
addition  of  CF^NCl  to  CF2'°^FX.  These  azaalkenes  are 
converted  to  the  corresponding  oxaziridines  CIXCFCF2- 

NCF2O  in  excellent  yields  via  the  intermediate  amines 
ClXCPCF2NHCJF20dCF3  formed  by  addition  of  CF3OOH. 

Experimental  Section 

General  Methods.  All  work  was  carried  out  in  Pyrex  or 
stainleaa  steel  (TVpea  304  and  316)  vacuum  systems  equipped  with 
glaas-Teflon  or  stainless  steel  valves.  Pressures  were  measured 
with  a  Wallace  and  Tieman  Series  1500  differential  pressure  gauge. 
Quantities  of  reactants  and  products  were  measured  by  direct 
weighing  or  by  PVT  measurements.  Temperatures  were  measured 
by  using  a  digital-indicating  iron-constantan  thermocouple. 

Infrared  spectra  were  taken  on  a  Perldn-Elmer  337, 1330, 180, 
or  1430  spectrometer.  A  10-cm  glass  cell  fitted  with  AgCl  or  KCl 
windows  was  employed.  NMR  spectra  were  recorded  on  a  Varian 
XL-100-15  speedometer  by  using  80  mol  %  CPCI3  as  a  solvent 
and  an  internal  reference  or  on  a  JEOL  FX-90Q  spectrometer 
by  using  ~68  mol  %  CCI4  as  the  solvent,  ~30  mol  %  CDCI3  as 
an  internal  lock,  and  ~1  mol  %  CFCI3  as  an  internal  reference. 
Proton  chemical  shifts  were  measured  against  external  Me4Si  and 
are  given  in  6  units  (with  the  coupling  constants  given  in  hertz). 
Mass  spectra  were  taken  on  Finnigan  4021-C  or  a  Hewlett-Packard 
5985B  irutrument  at  70  eV  for  electron-impact  (El)  and  chem¬ 
ical-ionization  [Cl  (CH4)]  spectra.  Samples  were  introeduced  by 
direct  gas  injectioiL 

Melting  points  were  determined  by  a  modified  Stock  procedure. 
Vapor  pressures  as  a  function  of  temperature  were  determined 
by  using  a  small  isoteniscope.'"  Equations  describing  pressure 
as  a  function  of  temperature  were  obtained  by  a  least-squares  fit 
of  the  data  to  both  linear  and  quadratic  equations,  and  the  best 
fit  is  reported. 

For  further  purification  of  reaction  products,  GLC  was  carried 
out  on  a  Victoreen  Series  4000  gas  chromatograph  equipped  for 
gas  injection,  TCD,  and  low-temperature  collection.  Columns  of 
10, 2,  or  1  ft  X  Vs  ib-  packed  with  35%  Halocarbon  11-21  polymer 
oil  on  add-washed  (ihromosorb  P  were  used. 

Reagents.  The  olefins  CF2”^FX  (X  *  F,  Cl,  Br)  were  ob¬ 
tained  from  PCR,  Inc,  and  CI2,  F2,  KHF2,  and  QCN  were  obtained 
frvm  commercial  sources  and  appropriately  purified  before  use. 
CIF  was  prepared  by  reaction  of  equimolar  amounts  of  CI2  and 
F2  in  a  Monel  bomb  at  250  *C.  CF3OOH  was  prepared  by  the 
litrature  method.*'  CF2~NC1  was  prepared  hy  a  modification 
of  the  literature  method.*^ 

(8)  Sekiya,  A.;  DeaMarteau,  D.  D.  Inorg.  Chem.  1980, 19, 1330. 

(9)  Young,  D.  E.;  Anderaoc,  L.  R.;  Fox.  W.  B.  U.S.  Patent  3689563; 
Chem.  Abstr.  1972,  78.  29213t. 

(10)  Smith,  A.;  Menziet,  A.  W.  C.  J.  Am.  Chem.  Sot.  1910.  32,  897. 

(11)  Benift^  P.  A.;  HobotsL  F.  A;  DeaMarteau,  D.  D.  J.  Am.  Chem. 
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To  a  150-mL  itainleas  steel  reactor  at  -196  *C  was  added  30 
mmol  of  CICN  by  vacuum  transfer,  followed  by  60  mmol  of  CIF. 
The  mixture  was  then  allowed  to  warm  slowly  to  22  "C  in  a  cold 
dewar  container  initially  at  -196  After  being  aUowed  to  stand 
at  22  *C  for  20  h,  the  contents  of  the  cylinder  were  separated 
through  a  -78  “C  trap  to  collect  ClCFjNClj  (~85% ).  A  10-mmol 
sample  of  ClCFtNCl;  was  then  heated  in  a  lOO-mL  Pyrex  vessel 
for  5  h  at  135  *C.  The  contents  were  then  transferred  onto  10 
g  of  Hg  and  allowed  to  stand  for  20  min  at  22  "C.  The  volatiles 
were  then  separated  through  traps  at  -95,  -125,  and  -196  "C.  Pure 
CFj“NCl  (85%)  collected  in  the  -125  “C  trap. 

Haactions  of  CF^NCl  with  Olefina.  Reactions  were  carried 
out  in  a  66-mL  glass  reaction  vessel  fitted  with  a  glass-Teflon 
valve.  In  a  typii^  reaction,  CF^NCl  (8  mmol)  and  olefm  (4-8 
mmol)  were  condensed  into  the  flask,  and  it  was  then  heated  for 
8-12  h  at  150-200  *C.  The  products  were  separated  by  pumping 
through  traps  held  at  appropriate  temperatures.  Pure  samples 
of  the  perhalo-2-aza-l-butenes  were  obtained  by  reaeparating  the 
crude  products  by  using  trap-to-trap  distillation  or  by  GLC  on 
a  10  ft  X  in.  stainless  steel  column. 

CFj— NCTjCFjCl:  yield  40%;  bp  31.9  "C;  mol  wt  198.0,  calcd 
199.5;  log  P  (torr)  -  7.489  -  (1405.9/T);  -  6.43  kcal/mol; 

AS^  -  21.1  eu;  IR  1791  (s).  1740  (w),  1312  (s),  1288  (s),  1250  (s), 
1204  (s),  1163  (s),  1113  (s),  999  (s),  916  (s),  819  (w),  779  (w),  714 
(w)  cm-‘;  MS  (Cl,  major),  m/r  200/202  ((MH)*].  180/182  ((M 
-  F)*):  MS  (El),  m/r  164  [(M  -  Cl)*],  114  ((CjF^N)*],  85/87 
[(CFjCl)*];  ‘»F  NMR  (F^F®0-NCF2‘=CF2DC1)  A  -  -45.3  (br  d), 
B  -  -29.3  (br  d),  C  -  -95.0  (m).  D  -  -73.9  (m),  -  83,  Jac 

*  «/bC  *  10.0,  c/aO  ^BD  *  «Irn  •  4.0. 

CFi“NCF2CFCl2:  yield,  48%;  bp  64.9  ‘C;  mol  wt  214.0,  calcd 

215.96;  log  P  (torr)  »  7.828  -  (1672.5/7^;  «  7.65  kcal/mol; 

AS^  »  2Z6  eu;  ER  1795  (s),  1741  (m),  1413  (w),  1312  (a),  1251 
(s),  1204  (s),  1163  (s),  1107  (s),  1040  (m),  981  (m),  899  (s),  858  (s), 
810  (s),  706  (w),  649  (w),  628  (w)  cm'*;  MS  (Cl,  major)  m/r 
216/218/220  [(MH)*].  196/198/200  [(M  -  F)*],  180/182  ((M  - 
Cl)*];  MS  (El),  m/r  180/182  [(M  -  Cl)*],  161/153/155 
KCjFjCl,)*],  114  ((CjF^N)*],  101/103/105  ((CFCl,)*];  ‘»F  NMR 
(Faf«0-NCF2‘=CF®C1,)  a  -  -46.5  (br  d),  B  -  -29.1  (br  d),  C  = 
-02.3  (m),  D  •  —75.7  (tt),  4/ab  *  Jco  *  •^ac  ^bc  *  11.5, 
•/ab  Jfc  *  *^80  *  3.0. 

CFj— NCFjCFBrCl;  yield  30%;  bp  84.9  'C;  mol  wt  257.0, 
calcd  260.4;  log  P  (torr)  -  7.642  -  (1704.8/ D;  AH^  -  7.80 
kcal/mol;  AS^  -  21.8  eu;  IR  1785  (s),  1779  (s),  1573  (w).  1415 
(w),  1305  (s),  1247  (s),  1199  (s),  1154  (s),  1100  (s),  1026  (m).  993 
(m),  973  (m),  887  (s),  869  (s),  768  (s),  729  (m),  601  (w)  cm'*;  MS 
(Cl,  nugor),  m/r  260/262/264  ((MH)*],  240/242/244  [(M  -  F)*], 
224/226  I(M  -  Cl)*],  195/197/199  ((C,F,BrCl)*],  116/118 
[(Cy^ja)*];  MS  (El),  m/r  180/182  ((M  -  Br)*].  114  [(C^^N)*]; 
‘»F  NMR  (F-'FBO-NCFjCCF^rCl)  A  -  -45.6  (br  d),  B  -  -31.1 
(br  d),  C  •  —90,9  (m),  D  ■  —76.1  (tt),  «/ab  *  33,  «/ac  *  *  *^cd 

•  11.0,  Juj)  *  Jm  “  2.5. 

Raactiona  of  CFj—NCFiCFXCI  with  CFjOOH.  Reactions 
were  carried  out  in  a  100-mL  ghw  bulb  fitted  with  a  glaas-Tefion 
valve.  In  a  typical  reaction,  the  CF2~*NCF}CFXC1  (3.0  mmol) 
and  CFjOOH  (4.0  mmol)  were  condensed  into  the  glass  bulb  at 
-196  *C.  The  veasel  was  then  allowed  to  stand  in  an  ice  bath  for 
1  day.  The  reaction  mixture  was  separated  by  pumping  through 
traps  at  -50,  -78,  and  -196  ‘C.  Both  the  -78  and  -196  ‘C  traps 
contained  some  unreacted  starting  materials  (CFjOOH  and 
CFi— NCFjCFXCl).  Essentially  pure  CFjOOCFjNHCFjCFXa 
waa  obtained  by  refractionation  of  the  contents  of  the  -50  *C  trap 
by  using  the  same  procedure. 

CFjOOCFjNHCFXFjCl;  yield  76%;  mol  wt  300.1;  calcd 
301.5;  m  3455  (m),  1892  (w),  1774  (w),  1613  (w),  1510  (s).  1502 
(s),  1424  (vw),  1327  (s).  1283  (s),  1095  (s).  1025  (vw),  972  (s),  875 
(s),  837  (s),  793  (vw),  768  (vw),  740  (m),  718  (m).  669  (w),  646  (m), 
633  (m)  cm'*;  MS  (Cl,  major),  m/r  302/304  [(MH)*],  282/284 
[(M  -  F)*],  266  [(M  -  Cl)*].  180/182  [(C,F,NC1)*],  160/162 
[(C,F4NC1)*].  64  [(CFjN)*];  *»F  NMR  (CFj^OOCFs^NlH)- 
CFjCCFs°Cl)  A  -  -68.6  (t),  B  -  -68.0(m).  C  -  -93.4  (qt).  D  - 
—73.6  (m),  *H  NMR  *  5.0  (br  s),  <fAfi  *  ^*3,  «/bh  *  4.0,  «/ec  * 
9.4,  Jun  *  1.4,  Jen  ■  9.4,  Jet)  “  3.0,  «/dh  ^  0- 


(12)  Young,  D.  E.;  Andcraan.  L.  R.;  Fox.  W.  B.  J.  Chem.  Soc..  Chem. 
Commun.  1970,  395. 


CFjOOCFjNHCFjCFClj:  vield  75%;  mol  wt  317.0,  calcd 
318.0;  IR  3445  (m),  1493  (s),  1313  (s),  1273  (s),  1228  (s).  1208  (s). 
1119  (s).  1095  (s).  904  (s),  815  (w),  710  (w),  610  (w)  cm'*;  MS  (Cl. 
major),  m/r  298/300/302  [(M  -  F)*],  216/218/220 
[(CjFjNCljH)*],  196/198/200  [(C3F4NCI2)*].  180/182 
[(CsFsNCl)*],  136  I(C,F4N)*];  *»F  NMR  (CF3*OOCF2®N(H)- 
CFjCCF^Clj)  A  =  -68.5  (t),  B  =  -68.0  (m),  C  =  -91.1  (m),  D  = 
—74.8  (t),  *H  NMR  6^  5.0  (br  s),  c/ab  ®  *fBH  —  3*^,  Jbc  —  •fcH 

—  9.4,  Jea  “  8.0.  i/dh  “  Jbd  —  l-O- 
CFjOOCFjNHCFjCFBrCl:  yield  86%:  mol  wt  368.8,  calcd 

362.4;  IR  3441  (m),  1495  (s),  1418  (w),  1308  (s),  1278  (vs),  1235 
(vs),  1206  (vs),  1122  (vs),  1114  (vs),  1014  (w),  861  (s),  808  (m),  772 
(w),  731  (m),  615  (w)  cm'*;  MS  ((il,  major),  m/r  200-400,  362/ 
364/366  ((MH)*],  342/344/346  [(M  -  F)*],  260/262/264 
[(CjFsNBrCl)*],  240/242/244  [(C,F4NBrCl)*];  *»F  NMR 
(CF3*OOCFj®NHCFj‘=CF*>BrCl)  A  =  -68.5  (t),  B  -  -68.0  (m),  C 
=  -90.0  (m),  D  =  -74.1  (t),  *H  NMR  =  5.0  (br  s),  Jab  ='  •^bh 
=  4.3,  «/bC  *  “  •^CD  *  10.3,  Jbji  as  Jbd  —  I-®- 

Reactions  of  CF3OOCF2NHCF2CFXCI  with  KHF2.  Re¬ 
actions  were  carried  out  in  a  75-mL  stainless  steel  reactor.  In 
a  typical  reaction,  dried  KHFj  (—lO  g)  was  placed  in  the  reactor 
in  a  dryboz.  The  veasel  was  then  evacuated  and  cooled  to  -196 
®C,  and  CF3(XXT2NHCF2CFXC1  was  added  by  vacuum  transfer. 
The  reactor  was  allowed  to  stand  for  1  day  at  22  ®C,  and  the 
volatile  products  were  then  CListilled  through  a  series  of  cold  traps, 

giving  COF2  and  ClXCFCFjNCFjO  as  the  major  products.  Pure 
samples  of  the  ozaziridines  were  obtained  by  GLC. 

ClCFjCFjNCFjO:  yield  70%;  bp  37.2  ‘C;  mol  wt  214.1,  calcd 
215.5:  log  P  (torr)  *  7.5081  -  (1436.17/T);  Aff,^  *  6.57  kcal/mol; 
AS,^  -  21.2  eu;  IR  1437  (s),  1316  (m),  1272  (s),  1249  (s),  1176 
(s).  1118  (a),  1063  (m),  980  (s),  892  (m),  850  (m),  780  (m),  694  (w), 
662  (w),  640  (w),  602  (m),  557  (w),  537  (w),  472  (w)  cm'*;  MS  (Cl, 
major),  m/r  150-300,  216/218  ((MH)*],  200/202  [(MH  -  O)*], 
178/180  ((CsFjClNOH)*],  180/182  [(C3F,NC1)*],  158/160 
[(CjFaClNO)*];  150/152  ((C2F4CINH)*];  *»F  NMR 

(C1CF^F8CF®F®NCF'®F'0;  approximate  values  for  C,  D,  and  E 
taken  from  computer  simulation;  see  discussion)  A  a:  B  =  -71.8 
(m),  C  -  -109.4  (m).  D  «  -104.1  (m).  E  «  -105.2  (m),  F  =  -89. 
5(m);  Jab  “  LO,  Jac  ^  •^ad  ^  5.0,  Jae  “  J/s  —  0-  *^30  —  "^bd 
=  5.0,  Jar  as  Jgf  ar  0,  Jq)  *  190,  Jry  ^  40,  Jef  —  Jdf  “  8-0*  *^DE 
®  20,  Jj[y  ®  2.0. 

CljCFCFjNCFiO:  yield  85%;  bp  70.5  ‘C:  mol  wt  229.0,  calcd 
23134:  log  P  (torr)  »  7.7775  -  (1682.65/D;  AH,^  «  7.69  kcal/mol; 
AS^  -  2Z4  eu;  IR  1423(s),  1265  (s),  1159  (s),  1088  (s),  1061  (s), 
1025  (m),  950  (m),  895  (s),  834  (s),  767  (s),  694  (m),  650  (m),  522 
(w)  cm'*;  MS,  (Cl,  major),  m/r  150-300,  232/234/236  [(MH)*], 
216/218/220  [(MH  -  O)*],  212/214/216  (?),  196/198  [(M  -  Cl)*], 
194/196/198  [(MH  -  F,)*].  174/176/178  [(CjFjCljNO)*],  178/ 
180/182  [(CjFjCljNH)*],  166/168/170  [(CjFjCljNH)*],  158/160 
[(CjFjClNO)*],  150/152  [(CjFjClN)*];  *»F  NMR 

(Cl2CF*CF®F**NCF**F®0;  approximate  values  for  B,  C,  and  D 
taken  from  computer  simulation)  A  =  -89.2  (t),  B  =  -106.6  (m), 
C  -  -100.3  (m).  D  »  104.7  (m).  E  «  -74.2  (td).  Jab  =  Jac  =  6.0. 
Jad  “  *^AE  “  6'  "^Bc  *  I^>  *^30  *  “Ibe  “  •^ce  —  ®-6'  Jcd  ~  22.0, 
Jde  “  3-0. 

ClBrCFCFjNCFjO:  yield  93%;  bp  90.4  ®C;  mol  wt  275.1, 
calcd  276.40:  log  P  (torr)  ■  7.4681  -  (1667.85/D:  A/f„p  =  7.63 
kcal/mol;  AS^  =  20.9  eu;  IR  1434  (s),  1271  (s),  1235  (m),  1193 
(m),  1163  (m).  1096  (m),  1064  (m),  1024  (m),  948  (w),  864  (m), 
834  (m),  812  (m),  764  (m),  693  (w),  646  (w)  cm'*;  MS  (Cl,  major), 
m/r  150-300,  276/278/280  [(MH)*  weak],  260/262/264  [(MH 

-  O)*].  238/240/242  [(MH  -  FJ*],  218/220/222  [(CjFjBiClNO)*], 
202/204  [(CjFjBrNO)*],  158/160  [(CjFjClNO)*];  *»F  NMR 

(ClBrCF*CF®F^NCF*^®0:  mixture  of  diastereoisomers,  ap¬ 
proximate  values  of  chemical  shifts  and  coupling  constants  given 
by  comparison  with  previous  oxaziridine)  A  •  -89  (m),  B  =  -105 
(m),  C  “  -98  (m),  D  =  -104  (m).  E  =  -74  (m),  J^  =  200,  J^t,  - 
40,  Jeo  *  30.  Bnd  other  coupling  constants  similar  to  CUCFC- 

FjNCFjO  but  not  easily  determined  (see  discussion). 

Results  and  Discussion 

2-Azaperhalo-I-butenes.  The  thermal  addition  of 
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CF2— NCI  to  the  olefins  CF2— CFX  (X  =  F,  Cl,  Br)  pro¬ 
ceeds  readily  in  the  temperature  range  150-200  "C  (eq  9). 

CF2— NCI  +  CFz— CFX  —  CF2— NCF2CFXCI  (9) 

The  yields  of  addition  product  depend  on  many  factors 
including  pressure,  reaction  time,  temperature,  stoichiom¬ 
etry,  and  the  type  of  reaction  vessel.  The  earlier  report 
of  a  75%  yield  for  this  reaction  with  CF2=^F2  in  a  30-mL 
stainless  steel  vessel  at  150  "C,  employing  a  1:1  stoi¬ 
chiometry,  4  h  reaction  time,  and  total  initial  pressure  of 
~11  atm,*  gave  only  very  low  yields  of  the  addition 
product  in  our  hantk.  The  major  products  were  polymeric. 
We  ultimately  found  that  a  Pyrex  reaction  vessel  was  more 
suitable.  By  trial  and  error,  we  found  that  a  2:1  ratio  of 
imina  to  olefin,  a  temperature  of  150  °C,  an  initial  pressure 
of  ~7  atm  and  a  reaction  time  of  10  h  gave  acceptable 
yields  with  CF2*^FX. 

The  conversion  based  on  the  amount  of  CF2~NCI 
consumed  is  75-95%,  but  the  yield  of  CF2“NCF2CFXC1 
baaed  on  starting  olefin  is  typically  only  20-50% .  llie  high 
recovery  of  unreacted  CF2^NC1  combined  with  the  com¬ 
plete  disappearance  of  the  olefin,  shows  that  a  major  side 
reaction  involves  the  formation  of  oligomers,  telomers,  and 
higher  molecular  weight  polymers  of  the  olefin.  These 
polymers  have  not  been  identified  except  for  CF2°*N- 
(CF2CFX)2C1,  which  was  identified  by  mass  spectrometry. 
In  all  reactions,  after  removal  of  unreacted  CF2°~NC1  and 
the  adduct  CF2*~NCF2CFXC1,  a  low  volatile  residue  re¬ 
mained  in  the  reactor.  This  residue  varied  in  appearance 
from  a  viscous  oil  to  a  gel,  to  a  solid,  or  to  a  combination 
of  these.  In  general,  these  residues  were  soluble  in  acetone. 

Attempts  to  extend  the  reaction  of  CF2”NC1  to  hy¬ 
drogen-containing  olefins  were  not  very  successful.  With 
CF2'^H2  and  CH2*K!!H2,  reaction  under  similar  condi¬ 
tions  gave  a  plethora  of  products  including  HCl  and  SiF4 
(from  HF).  Small  amounts  of  CF2>“NCF2CH2C1  were 
apparently  formed  with  CF2*^H2,  but  no  evidence  for 
CF2**NCH2CH2C1  was  found.  In  both  cases  the  major 
products  were  polymeric,  and  these  reactions  were  aban¬ 
doned. 

The  addition  of  CFf—NCl  to  CF2=*K1FX  is  regiospecific 
and  is  probably  a  free-radical  process  as  illustrated  in 
Scheme  1.  The  chain-transfer  reaction  leading  to  the 

Scheme  I 

CFj  =  NCI  —  CFjN-  +  Cl- 
CFjN-  +  CF2  =  CFX  —  CF2=-NCF2CFX- 

otcfio 

CF2**NCF2CFX-  ■■  — *  pol3rmer 

CFj— NCFjCFX-  +  CF2— NCI  ^ 

CF2— NCF2CFXCI  +  CFjN- 

2-azaperhalo-l-butene  clearly  competes  effectively  with 
other  processes.  The  polymers  formed,  while  not  char¬ 
acterized,  are  potentially  very  interesting  because  they 
could  be  readily  converted  to  isocyanates  and  other 
products  if  they  contain  terminal  CF2=N  groups. 

The  identification  of  CF2”NCF2CFXC1  is  straightfor¬ 
ward  baaed  on  the  data  given  in  the  Elxperimental  Action. 
Molecular  ions  are  observed  for  each  compound  in  the  Cl 
mass  spectra,  and  each  contains  a  strong  absorption  in  the 
ER  near  1800  cm'*  due  to  i»(C=N).**  The  **F  NMR  exhibit 
the  expected  AB  pattern  for  the  CF2=N  group  with 
near  86  Hz.*^  Assuming  *Jyp  to  be  larger  than  Vpp,  the 


(13)  Id  CFj“NX  (X  *  Cl,  F)  r  (C*N)  U  at  1728  and  1740  ctn"*. 
rnapectively.  Chriatan.  D.;  Obcrhanuner,  H.:  Hanunaker.  R.  M.;  Chang. 
S.  C.;  DaaManaau,  D.  D.  J.  Am.  Chem.  So<.  1S82,  104.  6186. 


Structural  isomers  are  readily  assigned  for  X  =  Cl  and  Br. 
Similar  conclusions  may  be  made  from  the  chemical  shift 
of  the  N-CF2  group.  For  the  alternative  structural  isomer 
CF2=NCFXCF2C1,  the  chemical  shift  of  the  CFoCl  group 
would  be  expected  at  considerably  higher  field  than  ob¬ 
served.*® 

Reaction  of  CF2=NCF2CFXC1  with  CF3OOH.  The 
previously  observed  addition  of  CF3OOH  to  CF2=NCF3’ 
and  CF^NSFs®  proceeds  readily  with  CF2=NCF2CFXC1 
under  similar  conditions  (eq  10).  The  expected  amines 

CFo=NCF2CFXC1  +  CF3OOH  — 

CF300CF2N(H)CF2CFXC1  (10) 

are  isolated  in  very  good  yield.  However,  this  is  not  a 
general  reaction  with  all  fluorinated  imines;  CF3OOH  will 
not  add  to  CF2=NF,  CF2=NC1,  NCCF=NF,  or  (CF3)2N- 
CF=“NCF3  under  the  same  conditions.  The  addition  of 
CFsOOH  to  CF2=“NCF2CFXC1  proceeds  mainly  in  the 
condensed  phase.  It  was  previously  found  with  CF2=N- 
CF3  that  the  yields  increased  for  a  given  reaction  scale  as 
the  reactor  volume  decreased.  In  this  work  the  rate  of 
reaction  of  CF2“NCF2CFXC1  under  identical  conditions 
was  the  slowest  for  X  =  F.  We  attribute  this  to  the  lower 
boiling  point  of  CF2“NCF2CF2C1,  resulting  in  a  larger 
fraction  of  the  compound  initially  present  in  the  gas  phase. 
Consistent  with  this,  the  0  °C  reaction  temperature  also 
gave  higher  yields  than  reactions  carried  out  at  22  °C.  In 
addition,  at  22  °C,  some  03  is  formed  from  the  decompo¬ 
sition  of  CF3OOH.*®  This  results  in  the  formation  of  HF, 
which  rapidly  adds  to  CF2=NCF2CFXC1  to  form 
CF3NHCF2CFXCI  as  a  significant  byproduct.*' 

The  pure  CF3OOCF2NHCF2CFXCI  amines  are  appar¬ 
ently  stable  in  glass  at  22  *C.  No  detectable  decomposition 
was  observed  in  routine  handling  of  the  compounds  in  the 
vacuum  system.  The  characterization  of  the  compounds 
is  given  in  the  Experimental  Section.  Parent  MH*  mo¬ 
lecular  ions  are  observed  in  the  Cl  mass  spectrum  for  X 
=  F  and  Br,  and  (M  -  F)*  is  observed  for  X  =  Cl.  The  IR 
and  NMR  spectra  are  consistent  with  that  of  CF3OOC- 
F2NHCF3,’  and  the  extensive  Jf-t  and  </h.f  couplings 
strongly  support  the  structural  formula  inilicated.  Ad¬ 
ditional  proof  of  the  peroxide  Unkage  is  given  by  the  fact 
that  the  compounds  are  strongly  oxidizing  toward  aqueous 
KI. 

Rgmcticn  of  CF3OOCF2NHCF2CFXCI  with  KHFj. 
The  conversion  of  CF3OOCF2NHCF3  to  the  novel  oxa- 

ziridine  CF3NCF2O  was  first  accomplished  by  reaction  of 
CF3C)0CF2NHCF3  with  NaF.'  Sub^uently,  a  more  de¬ 
tailed  study  of  this  reaction  with  a  variety  of  metal 
fluorides  indicated  that  the  metal  fluoride  had  to  be  ef¬ 
fective  in  complexing  HF  and  that  the  resultant  oxaziridine 
was  very  easily  isomerized  by  active  fluorides  to  CF3NF- 
C(0)F.*®  For  alkali  metal  fluorides  which  complex  HF, 
the  order  of  reactivity  for  ring  opening  and  isomerization 
was  NaF  <  KF  <  CsF.  However,  even  NaF  gave  a  sig¬ 
nificant  yield  of  CF3NFC(0)F  in  the  preparation  of  the 
oxaziridine.  Potassium  bifluoride,  on  the  other  hand,  is 
effective  in  complexing  HF  but  is  of  low  fluoride  ion  ac- 


(14)  These  J/tg  values  in  CFj—NX  (X  “  Cl.  F)  are  69.0  and  52.6  Hz. 
respectively:  Reference  12.  Dybvig.  D.  H.  Inorg.  Chem.  1966.  5.  1795. 

(15)  This  is  based  on  a  variety  RfOCFjCFjCl.  RfOCF,CX3.  and 
RfOCXjCFjCl  derivatives  where  Rf  “  CFjO.  (iF3S02.  and  CFjC(O).  See 
for  example:  Johri.  K.  K.;  OesMartMU.  D.  D.  J.  Org.  Chem.  1983. 48.  242. 
Tari,  I.;  DesMarteau.  D.  D.  Ibid.  1980.  4S.  1214. 

(16)  CF3OOH  is  stable  in  clean  glass  at  22  *C,  but  it  is  quite  sensitive 
to  the  presence  of  certain  impurities  (see  ref  11). 

(17)  Details  on  the  preparation  of  these  compound;:  will  be  reported 
separately. 

(18)  Sekiya.  A.;  DesMarteau.  D.  D.  Inorg.  Chem.  1979.  18.  919 
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>  NMR  SMCmUM 


>1-  111  ■■ 

Firm  1.  94.1-MH2  CW  ‘*F  NMR  (6  mm)  of  15  mol  %  of 
Cl^FCFjNCF^  in  CFCl,. 


constitute  the  ABC  portion  and  fluorines  a  and  e  the  MN 
portion.  The  high  inversion  barrier  of  the  nitrogen  is 
responsible  for  the  magnetic  nonequivalence  of  fluorines 
b,c  and  d,e.  The  large  value  of  J^c  ®  190  Hz  is  quite 
comparable  to  that  found  for  acyclic  nitrogen  compounds 
of  the  type  R,CF2NC1F  and  RiCFjNBrF  where  Rf  is  a 
perfluoroalkyl  group.“  The  very  small  value  of  i/a,  =  3.0 

Hz  is  surprising  but  is  similar  to  that  in  CFsNCFjO,  where 
the  ring  methylene  fluorines  exhibit  an  apparent  simple 
first-order  spectrum.'’  The  spectrum  with  X  =  Cl  in 

OFjCNCFjCFXCl  could  be  readily  simulated  by  appUca- 
tion  of  LAOCOON  3,^  and  the  stated  coupling  constants  are 
taken  fiom  this  simulation.  For  X  =  F  and  Br,  the  overall 
appearance  of  the  spectra  are  similar  to  that  for  X  =  Cl, 
but  they  are  more  complex.  In  the  case  of  X  =  F,  a  rea¬ 
sonable  simulation  could  only  be  achieved  by  aggnming  the 
two  CFjCl  fluorines  to  be  nonequivalent  For  X  =  Br,  the 
two  chiral  centers  give  rise  to  a  mixture  of  diastereoisomers 
differing  somewhat  in  the  chemical  shifts  and  Jfj-  values. 
For  the  latter  two  compounds,  a  detailed  analysis  of  the 
spectra  wotild  require  a  major  effort,  and  we  did  not  at¬ 
tempt  this. 


tivity.  Thus  in  the  planned  conversion  of 
CFsOOCFjNHCFjCFXCl  to  the  respective  oxaziridines, 
KHFj  was  the  reagent  of  choice. 

The  reaction  of  excess  KHFj  with 
CFsOOCFjNHCFjCFXCl  at  22  "C  gives  excellent  yields 
of  the  oxaziridines  (eq  11).  A  minor  byproduct  in  each 


CF3OOCF2NHCF2CFXC:  +  KHFj 


axcPCfjN — CFj  +  coFj  + 


Y 


(11) 

case  is  O'O-NCFjCFXCl,  which  presumably  arises  from 
hydrolysis  of  the  oxaziridine  by  small  amounts  of  HjO  in 
the  KHF].  The  latter  is  diffic^t  to  dry  thoroughly.  The 
mechanism  of  this  reaction  remains  obscure,’*  but  the 
generality  of  the  reaction  is  more  clear  with  the  five  ex¬ 
amples  now  demonstrated. 

Like  the  previous  examples  of  perhalogenated  oxaziri- 

dines  CF3NCF2O'’  and  SF5NCF2O,'  these  new  oxaziridinee 
are  thermally  stable  but  highly  reactive.  Their  charac¬ 
terization  is  given  in  the  Experimental  Section.  Their  IR 
spectra  exhibit  strong  absorptions  near  1430  cm*‘,  as  weU 
as  absorptions  near  1060  and  950  cm*’,  which  are  char¬ 
acteristic  of  the  oxaziridine  ring.'  The  Cl  mass  spectra 
exhibit  parent  (MH)’’^  ions  for  each  compound  and  a  va¬ 
riety  of  other  ions  which  are  supportive  of  the  parent 
compound.  The  ’*F  NMR,  while  quite  complex,  provide 
the  moat  definitive  proof  of  structure. 

The  experimental  spectrum  for  CI2FCCF2NCF2O  is 
shown  in  Figure  1.  llte  spectra  are  clearly  of  the  type 
ABCMN,  where  the  fluorines  labeled  b-d  in  Figure  1 


Conclusion 

The  practical  use  of  CF2=“NC1  to  prepare  a  variety  of 
l,l-difluoro-2-azaperhalo-l-butenes  by  thermal  addition 
to  CF2“<JFX  (X  =  F,  Cl,  Br)  olefins  has  been  demon¬ 
strated.  These  azabutenes  can  be  converted  to  novel  ox¬ 
aziridines  by  oxidation  of  the  C=N  double  bond  with 
CF3OOH  via  tbe  intermediate  adducts 
CF3OOCF2NHCF2CFXCI  followed  by  treatment  with 

KHFj.  Both  CF2— NCF2CFXCI  and  6F2CNCF2CFXCI 
are  useful  reagents  for  the  synthesis  of  a  variety  of  novel 
fluorochemicals,  and  these  results  will  be  reported  sepa¬ 
rately. 
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Some  reactions  of  Af-chlorodifluoromethanimine,  CFj^NCl,  have  been  studied  and  are  compared  to  related 
reactions  of  perfluoromethanimine,  CFj^NF.  Fluoride  promoted  reactions  of  CFj^NCl  result  in  evidence  for 
the  CFfSCl'  anion,  which  is  therm^y  less  stable  and  less  reactive  than  CFsNF~.  Oxidation  of  CFjNCr,  formed 
in  situ  by  reaction  of  CFi“NCl  with  KF  or  CsF.  with  Clj  forms  CFjNClj.  With  Br2,  CFsNBrCl  is  formed  along 
with  CF,NBr,.  The  latter  arises  from  s  novel  fluoride>catalyzed  conversion  of  CFjNBrCl  to  CFaNBij  by  Btj, 
and  the  same  products  can  be  obtained  starting  with  CFsNClj,  Br,,  and  MF.  Elxtension  of  this  reaction  to  CjFsNCl; 
and  CjFtNCI]  is  also  disctused.  Addition  of  XOSOjF  (X  >  Cl,  Br)  to  CFj— NCI  forms  the  novel  diazene 
FSOjOCFjN— NCFjOSOjF,  presumably  via  the  intermediate  FSOjOCFjNClX  addition  products.  Competitive 
reaction  of  CFj— NF  and  CFj—NCl  with  fluoride  ion  results  in  the  preferential  formation  of  CF sKF".  Nucleophilic 

attack  of  the  latter  on  CFj^NCl  forms  the  novel  diaziridine  CFjNCFjNCl,  which  can  be  reduced  by  Hg  in 
trifluoroacetic  acid  to  CFjNCFjNH.  The  mechanism  for  the  formation  of  the  diaziridines  is  discussed. 


Introduction 

MChlorodifluoromethanimine,  CF^— »NC1,  was  reported 
first  in  1970.*  However,  there  have  been  very  few  reports 
on  the  chemistry  of  this  easily  prepared  imine.^^  In- 


(1)  Visitinc  Scholar,  Pcoplas  RepuUc  of  China. 

(2)  Young,  D.  E.;  Anderson,  L.  R.;  Fox,  W.  B.  J.  Chem.  Soc.,  Chem. 
Commun.  ItTO.  3M. 

(3)  Young,  D.  E.;  Anderson,  L.  R.;  Fox,  W.  B.  U.S.  Patent  3689563: 
Chem.  Abttr.  1972,  78.  29213. 

(4)  Swindell.  R.  F.;  Zahorowski.  L.  M.;  Shreeve,  J.  M.  Inorg.  Chem. 
1971,  10,  1635. 

(5)  Sieng,  Y.  Y..-  DesMarteau,  D  D.  J.  Org.  Chtm.  1983.  48,  4844. 


vestigations  of  the  chemistry  of  the  related  imine  CF2= 
NF*-*  led  us  to  undertake  studies  of  the  reaction  chemistry 
of  CF 2“NQ.  As  was  found  for  CF2=NF,  CF2=NCi  reacts 
readily  with  electrophilic  halogen  sources.  Similarly, 
CF2“NC1  reacts  with  fluoride  ion  from  CsF  and  KF  to 
form  the  anion  CF3NCT.  However,  the  products  of  the 
reactions  involving  CF2=NC1  are  often  different  from 
those  of  CF2=NF.  These  differences  are  easily  explained 
by  the  photochemical  and  thermal  instability  of  the 


(6)  Chang,  S.-C.;  DesMarteau,  D.  D.  J.  Org.  Chem.  1983,  48,  771. 

(7)  Chang,  S.-C.;  DesMarteau.  D.  D.  Inorg.  Chem.  1983.  22.  805. 
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products  arising  from  CF2=NC1,  and  by  an  apparent  lower 
reactivitv  of  CF3NCI'  as  a  nucleophile  in  comparison  with 
CFsNF-.’ 

In  the  course  of  this  research,  a  novel  catalytic  conver¬ 
sion  of  N-Cl  bonds  to  N-Br  bonds  by  alkali  metal  fluorides 
and  bromine  was  found.^  Some  details  of  this  reaction 
are  also  presented.  Two  new  compounds  CF3CF2NBrCl 
and  CF3CF2CF2NBrCl  obtained  via  this  reaction  provide 
an  opportunity  to  compare  the  effects  of  halogen  substi¬ 
tution  on  nitrogen  inversion  barriers. 

Experimental  Section 

General  Methods.  All  manipulations  of  volatile  compounds 
were  carried  out  in  Pyrez  and  stainless  steel  vacuum  systems 
equipped  with  glass-Teflon  and  Teflon-packed  stainless  steel 
vailvee,  respectively.  Pressures  were  measured  with  a  Wallace  and 
Tieman  differential  pressure  gauge,  Series  1500.  Amounts  of 
reactants  and  products  were  measured  by  PVT  measurements 
or  by  direct  weighing.  Temperatures  were  measured  using  a 
digital-indicating  iron-constant  thermocouple. 

IR  spectra  were  recorded  on  Perkin-Elmer  1330  or  1430  Data 
Systems  employing  a  10-cm  gas  cell  fitted  with  AgCl  or  KCl 
wiixiowB,  at  preaauies  from  5  to  100  torr.  NMR  spectra  were  taken 
on  a  Varian  XL-100-15  spectrometer  using  85  mol  %  CFCI3  as 
a  solvent  and  internal  reference,  or  on  a  JEOL  FX-90Q  spec¬ 
trometer  using  1  mol  %  compound  in  CCh  solvent,  containing 
20  mol  %  CDCI3  as  an  internal  %  lock  and  1  mol  %  CFCI3  as 
an  internal  standard.  '*F  chemical  shifts  at  lower  frequency  than 
CFCI3  are  negative.  Mass  spectra  were  recorded  on  Finnigan 
4021-C  or  Hewlett-Packard  S985-B  spectrometers  at  70  eV  for 
both  El  and  Cl  (CH4).  Samples  were  introduced  by  direct  gas 
injection. 

Melting  points  were  measured  by  a  modified  Stock  technique. 
Molecular  weights  were  determined  by  vapor  density  measure¬ 
ments  using  a  calibrated  0.2-L  Pyrez  bulb  fitted  with  a  glaas- 
Teflon  valve.  Vapor  pressures  ss  a  function  of  temperature  were 
determined  by  the  method  of  Kellogg  and  Cady.*  Data  were 
analyzed  by  a  least-squares  fit  to  both  linear  and  quadratic 
equations,  and  the  best  frt  is  reported. 

GLC  purification  of  selected  compounds  was  carried  out  on 
a  Victoreen  4000  gas  chromatograph  equipped  with  gas  injection, 
low  temperature  sample  collection,  and  thermal  conductivity 
detection.  Stainless  steel  columns  (*/g  in.  OD)  of  appropriate 
length,  packed  with  35%  Haicarbon  11-21  polymer  oil  on  Chro- 
moeorb  P,  were  employed. 

Reagents.  TheoompoundsCF;— NF,'®CF2— NCI.**C2FjNCli, 
CjFtNCI,,*’  FSOjOX  (X  -  Cl.  Br).‘*-»  and  CF,SO,OCl“  were 
prepared  by  literature  methods.  Chlorine  monofluoride  was 
prepared  by  beating  equimolar  amounts  of  CI2  and  F2  in  a  Monel 
bomb  for  18  h  at  250  *C.  Fluorine  was  obtained  from  Air  Products 
and  Chemicals,  Inc  and  was  passed  through  a  NaF  scrubber  before 
use.  The  metal  fluorides  KF  and  CsF  were  fused  in  a  Pt  crucible 
and  then  ground  to  a  fine  powder  under  very  anhydrous  condi¬ 
tions.  All  other  reagents  were  readily  available  from  commercial 
sources  and  were  appropriately  purified  as  needed  before  using. 

Caution'.  Many  of  the  starting  materials  and  products  of  the 
reactions  described  in  this  research  are  potentially  hazardous. 
Nearly  all  the  materials  described  are  potent  oxidizers  and  some 
may  be  explosive.  We  have  not  encountered  any  difficulties  in 
the  course  of  this  research  for  the  quantities  indicated,  but  due 
caution  must  be  exercised  when  working  with  these  materials. 

Raaetion  of  CF2~NCI  with  FSO3OX  (X  *  Cl.  Br).  In  a 
typical  reaction,  CF3~*NC1  (2.1  mmol)  was  added  by  vacuum 
transfer  to  a  100-mL  glass  reactor  at  -196  *C.  An  equimolar 


(8)  For  a  preliminary  report  tea:  Zhang.  Y.  Y.;  Mir.  Q-C.:  O'Brian.  B. 
A.;  DasMartaau.  D.  D.  Inorg.  Chem.  1M4.  23,  518. 

(9)  Kalian.  K.  B.;  Cady.  G.  H.  J.  Am  Chem.  Soc.  1948,  70.  3966. 

(10)  Sokiya.  A.:  DaaMartosu,  D.  D.  J.  Org.  Chem.  1981.  46.  1277. 

(11)  Hynaa,  J.  B.;  Auatin,  T.  E.  Inorg.  Chem  1966.  5.  488. 

(12)  Roberu,  J.  E.;  Cady.  C.  H.  J.  Am.  Chem  Soc.  I960. 82.  352.  (A 
amsll  aseaaa  of  S]0«F;  waa  amployadl. 

(13)  Sehsck,  C.  J.;  Wilaon.  R.  D  Inorg.  Chem  1970,  9.  311.  Hardin. 
C  W.;  Ratcliffa,  C.  T.;  Andarton.  L.  R.;  Foa.  W  B  Ibid  1970.  9.  1938. 

(14)  Katahuhara,  Y..  Hammakar.  R.  M.:  DaaMartaau.  D.  D.  Inorg. 
Chem.  1980.  19,  607. 


amount  of  FS020X  was  then  similarly  added,  and  the  reactor 
was  allowed  to  warm  to  22  ®C  in  the  air  and  stand  for  1  day.  The 
reactor  was  then  cooled  to  -196  °C  and  checked  for  volatiles  at 
this  temperature.  Nitrogen,  0.24  mmol  and  0.46  mmol,  was  formed 
with  X  =  Cl  and  Br,  respectively.  The  content  of  the  reactor  was 
then  pumped  on  though  traps  at  -40,  -80  and  -196  ®C,  as  it 
warmed  in  the  air  to  22  “C.  The  -196  ®C  trap  contained  CL  (X 
=  Cl)  and  CI2,  BrCl,  Br2  (X  =  Br),  and  other  unidentified  fluo¬ 
rocarbon  containing  materials.  The  -80  ®C  trap  contained  a  small 
amount  of  (FS020CF2N)2  and  an  unidentified  fluorosulfate  de¬ 
rivative.  The  -40  *C  trap  contained  0.61  mmol  (X  =  Cl)  and  0.40 
mmol  (X  =  Br)  of  nearly  pure  (FS020CF2N)2:  mp  -65.5  to  -64.5 
®C;  Mr  326.0,  calcd  326.15;  IR  1925  (w),  1490  (s).  1250  (s),  1203 
(s).  1116  (s).  1026  (m),  954  (s).  931  (s),  838  (s),  772  (m),  672  (vw), 
599  (s),  551  (w),  473  (w)  cm"*;  major  m/r  [Cl]  327  (MH*),  227 
(M  -  SOjF^),  164  (FSOjCFjNH*),  114  (CFjSO,^).  67  (FSO*):  [El] 
149  (FSOjCFa*),  128  (CFjNNCFj),  114  (CFjSO.*),  85  (CFjO*), 
83  (CFSO2)*,  69  (CFs*),  66  {CF40*),  50  (CFj*),  47  (FCO*);  NMR 
49.6  (t,  SF),  -73.5  (d,  CFj,  *Jn  =  7.5  Hz). 

Reactions  of  CF^NCl  in  the  Presence  of  Metal  Fluorides. 
Reactions  were  carried  out  in  100-mL  glass  flasks  fitted  with  a 
glass-Teflon  valve  and  containing  a  small  Teflon-coated  magne'ic 
stirring  bar.  Tbe  appropriate  amount  of  active  metal  fluoride 
was  added  to  the  reactor  in  the  gloveboz  and  the  reactor  was  then 
evacuated.  After  cooling  to  -196  ®C,  the  gaseous  reactants  were 
added  by  vacuum  transfer  and  the  reactor  was  then  warmed  to 
22  *C  and  stirred  for  an  appropriate  time  in  the  dark.  Products 
were  then  separated  by  vacuum  fractionation  through  low  tem¬ 
perature  traps  and  by  GLC  with  the  ezclusion  of  light.  In  the 
case  of  reactions  involving  Brj,  ezcess  Br;  was  removed  by  brief 
treatment  of  the  -NClBr  and  -NBrj  fractions  with  CH2==CH2 
at  22  ®C,  followed  by  reseparation  from  the  BiCH2CH2Br  formed. 
Details  of  the  reactions  are  summarized  in  Table  I  and  II; 
characterization  of  new  compounds  follows. 

CF, NClBr.  mp  -62  'C;  BR  1248  (s),  1218  (vs),  1178  (vs),  1116 
(w),  1025  (vw),  893  (w),  787  (m),  688  (m)  cm"*;  NMR  -72.3  (s); 
major  m/z  [Cl]  202/200/198  (MR-"),  201/199/197  (M""),  182/ 
180/178  (M  -  F*),  148/144  (MH  -  CD,  121/119  (MH  -  Br-"), 
102/100  (CFjNClH"-),  69  (CFj*);  [El]  201/199/197  (M-^).  145/143 
(CFiNBr-^),  101/99  (CF,NCr),  96/93  (NBr*),  69  (CFs-^). 

CFjNBrj:  mp  -56  "C;  IR  1240  (s),  1211  (vs),  1168  (vs),  1089 
(w),  1028  (w),  969  (vw),  890  (vw),  768  (m),  675  (m)  cm"*;  NMR 
-70.5  (s);  major  m/z  [Cl]  246/244/242  (MB'").  245/243/241  (M*). 
226/224/222  (M  -  F*).  69  (CFj*);  [El]  245/243/241  (M*),  145/143 
(CFjNBr*),  95/93  (NBr-^),  69  (CFa"^). 

C,FjNClBr:  IR  1336  (s),  12.34  (vs).  1188  (vs),  1149  (vs).  1071 
(va),  970  (vw).  902  (vw).  839  (w),  753  (w).  718  (m),  694  (m),  653 
(w),  601  (w).  532  (w)  cm'*;  NMR  -77.8  (t,  CF,),  -96.3  (q,  CFj,  Vfr 

-  1.0  Hz);  major  m/z  [Cl]  251/249/247  (M*),  232/230/228  (M 

-  F*).  196/194  (C,F,NBrH*),  152/150  (Cjr.NClH-"),  69  (CFa*); 
[El]  195/193  (C,F«NBr'‘),  182/180/178  (CFjNBrCr),  151/149 
(C,F,NCr). 

CsFiNClBr  IR  1342  (m),  1276  (m),  1242  (vs),  1230  (vs),  1200 
(s).  1177  (m).  1132  (s).  1110  (s),  983  (s),  964  (s),  829  (w),  806  (w), 
753  (m).  703  (w),  678  (w).  666  (w),  601  (w),  531  (w)  cm'*;  NMR 
CF3**CFj*CFjCNBrCl  A  -82.2  (t),  B  -119.7  (t).  C  -87.9  (q-t,  Jab 
1.0,  Jac  “  9-0,  Jbc  “  2.0  Hz);  major  m/z  [Cl]  301  /299/29'4  (M*), 
282/280/278  (M  -  F*),  182/180/178  (CFjNBrCr),  119  (CjFs*). 
69  (CF3*):  (El.  17  eV]  301/299/297  (M*).  245/243  (M  -  FCD, 
201/199  (M  -  BrF*),  182/180/178  (CFjNClBr*),  119  (CjFj*). 

CFjNCFiNCL  bp  15.3  *C;  mp  -120  "C;  Af,  182.0,  calcd  182.48; 
log  P  (torr)  »  7.7071  -  1392.05/r  -  (1432  x  l(fi/T^y,  AH  vap  = 
6.37  Kcal/mol;  AS  vap  *  22.1  eu;  IR  1411  (vs),  1295  (vs),  1211 
(vs).  1133  (w),  1048  (8),  979  (s).  827  (w),  770  (m),  742  (w),  677  (s), 

571  (w).  517  (w)  cm"*;  NMR  CFa^NCF^F^NCl  M  -64.9  (d).  A 
-112.4  (m).  B  -106.3  (m.  Jab  =  32.5,  Jam  12.0  Hz);  major  m/z  [Cl] 
185/183  (MH*),  147  (M  -  Cl)-*,  134  (CjFjNH*),  91  (CjFjNjH*-), 
87/85  (CFjCD,  69  (CFj*);  [El]  114  (CjFaN*),  87/85  (CF-CD, 
69  (CF3*).  50  (CF;*),  51/49  (NCI*). 

Synthesis  of  CF3NCF2NH.  In  a  typical  reaction,  a  100-mL 
flask  fitted  with  a  glass-Teflon  valve  and  containing  2.5  g  of  Hg 
and  a  small  magnetic  stirring  bar  was  cooled  to  -196  ®C  and 
evacuated.  Trifluoroacetic  acid  (6.5  mmol)  was  added  by  vacuum 

transfer,  followed  by  CF3NCF2NCI  (1.0  mmol).  The  reactor  was 


I 
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Table  I.  Fluoride  Promoted  Reactions  of  CFj^NCP 


CF,— NCI 

reactant 

MF 

time.  22  ‘a 

products'’ 

2.0 

Cl,  (5.0) 

2  d 

no  reactn 

2.0 

Br,  (5.0) 

2d 

no  reactn 

2.0 

BrCl  (5.0) 

2d 

no  reactn 

13.0 

CaF  (13) 

1  d 

CF,NC1,  (4.6) 

2.0 

Cl,  (2.3) 

CaF  (10) 

2  d  (55  ®C) 

CF3NCI,  (1.5) 

2.0 

BrCl  (6.0) 

CaF  (10) 

1  d 

CFjNCl,  (1.96) 

2.0 

Br,  (4.0) 

CaF  (9.2) 

11  h 

CFjNBrCl  (0.68),  CF,NBr,  (0.55),  CF,NC1,  (0.18) 

1.0 

Br,  (7.0) 

CaF  (7.0) 

12  h 

CF, NBrCl  (0.22).  CFjNBr,  (0.30),  CFjNCl,  (?) 

2.0 

Br,  (1.7) 

CaF  (8.5) 

11  h 

CFjNBrCl  (0.43),  CF3NCU  +  CF,=NCI  (1.2) 

2.0 

Br,  (2.0) 

CaF  (20) 

12  h 

CF,NClBr  (0.78),  CF3NC1,  (0.45) 

4.2 

Br,  (10) 

CaF  (10) 

3d 

CFjNClBr  (.49).  CF,NBr,  (2.2),  CF3NCU  (.31) 

4.5 

Br,  (10) 

KF  (10) 

2d 

CF3NClBr  (.78),  CFjNBr,  (2.4),  CFjNCl,  (0.4) 

3.0 

Br,  (3.0) 

NaF  (10) 

2d 

no  reactn 

2.8 

CF,— NF  (3.6) 

CaF  (13) 

3.5  h 

CFjNCFjNCl  (0.8),  CF,NC1F,  CF3NC1,,  CF,NCF,NF 

'Amounts  in  mmol.  Reactions  carried  out  in  the  absence  of  light.  'Some  CFj^NCl  absorbed  by  MF.  'd  =  days 


then  held  at  10  *C  for  2  h  with  stirring.  The  reactor  was  then 
cooled  to  -196  *C  and  a  small  amount  of  Nj  was  removed.  The 
vessel  was  then  pumped  on  through  traps  at  -78,  -110,  and  -196 
•C  as  it  warmed  in  the  air.  The  -78  "C  trap  collected  CFjCOjH, 
the  -196  ”C  trap  contained  unreacted  starting  material,  and  the 
-110  *C  trap  contained  a  mixture  of  the  N-Cl  and  N-H  diazir- 
idines.  This  was  reseparated  by  passing  it  through  -100  and  -196 

•C  traps  to  yield  0.48  mmol  of  CFaNCFjNH  in  the  -100  ®C  trap; 
m  3319  (m),  1517  (w),  1452  (vs),  1371  (w),  1327  (vs).  1269  (vs), 
1231  (vs).  1177  (s),  1086  (s).  1040  (s).  934  (s),  825  (w),  739  (w), 
681  (m).  520  (w)  cm'‘;  NMR  CFa^NCF^FBN^H  M  -65.5  (dd). 
A  -119.2  (m).  B  -98.0  (m),  X  (Me^Si),  4.2  (br  s.  Jjm  *  14.0,  Jbm 
•  3.5,  «/xB  “  46.0,  «/ax  *  14,  <f|kOc  ^  •fax  ^  0  Hz);  major  tn/z  [Cl] 
149  (MH*).  129  (M  -  F*);  [El]  128  (M  -  HF*),  109  (CjFjNj*), 
69  (CF,*). 

Results  and  Discussion 

Reaction  of  CFj—NCl  with  FSO2OX  (X  =  Cl,  Br). 
The  addition  of  electrophilic  halogen  compounds  to  hal- 
ogenated  substrates  containing  carbon-nitrogen  multiple 
bonds  is  now  a  well  established  reaction.  Most  examples 
involve  reaction  of  CIF,  where  the  formal  positive  chlorine 
always  adds  to  the  nitrogen,  e.g.,’^ 

CICN  +  2C1F  —  ClCFjNClz 
CF3CN  +  2C1F  —  CF3CF1NCI2 
CF2— NCI  +  CF  ^  CF3NCI2 
CF2— NF  +  CF  ^  CF3NCF 

With  CF2=“NF,  we  foimd  that  FS020X  (X  ®  Cl,  Br, 
OSO2F)  underwent  a  similar  facile  addition,  and  in  the  case 
of  X  =  Br,  gave  the  first  example  of  an  -NBrF  derivative 
in  FS020CF2NBrF.’  We  therefore  undertook  a  study  of 
the  reactions  of  FSO2OX  (X  =  Cl,  Br)  with  CF2“NC1  in 
hope  of  isolating  FS020CF2NBrCl,  as  the  first  example 
of  an  -NBrCl  derivative. 

Both  FSO2OCI  and  FS020Br  react  readily  with  CF2*= 
NCI  at  22  *C.  Unlike  CF2**NF,  however,  the  expected 
addition  product  is  not  isolated.  Instead,  both  reactions 
give  a  moderate  yield  of  the  diazene  FS020CF2N=NC- 
F2OSO2F.  Since  both  -NCI2**  and  -NClBi^  derivatives  are 
known  to  decompose  both  thermally  and  photolytically  to 
diazenes,  these  reactions  can  be  rationalized  as  follows. 

-XCl 

FSO2OX  +  CFj-=NCl  ^  “FS020CF2NC1X’'  — ^ 

FS020CF2N=NCF20S02F 
X  »  Cl.  Br 

However,  it  is  surprising  that  an  -NCI2  derivative  would 
undergo  this  reaction  so  readily,  based  on  the  usual 
properties  of  such  compounds.  Either  the  fluorosulfate 


group  has  a  pronounced  effect  on  the  N-X  bond,  or  the 
reaction  path  leading  to  the  observed  diazene  does  not 
involve  the  sample  addition  of  FS020X  to  the  C=N  bond 
as  indicated  above. 

Attempts  to  extend  this  reaction  by  the  use  of  CF3S- 
O2OCI  were  unsuccessful.  Instead  of  the  anticipated  ad¬ 
dition  product  or  the  diazene  (CF3S020CF2N=)2,  the  slow 
reaction  below  0  ®C  resulted  in  the  formation  of  large 
amounts  of  CF3CI,  CI2,  and  polymeric  products.  This  result 
was  unexpected  because  FSO2OCI  and  CF3SO2OCI  often 
lead  to  analogous  products  in  addition  to  unsaturated 
compounds  such  as  oleHns  and  SF4.'^-’^  However,  if  a 
radical  species  containing  the  CFsSOs  group  is  formed  in 
the  initi^  reaction  or  in  the  subsequent  decomposition  of 
an  intermediate,  the  rapid  loss  of  CF3  from  this  radical  can 
be  expected  to  lead  to  CF3CI  and  other  products.  This 
presumption  is  based  on  the  apparent  general  instability 
of  free-radicals  of  the  type  CF3SO2M.  This  the  photolysis 
or  thermal  decomposition  of  compounds  such  as  RSO2OCI, 
(RS02)2NC1,  (RS020)2,  and  (RS020)2Xe,  where  R  =  CF3 
or  F,  does  not  lead  to  analogous  products.  For  example, 
photolysis  of  (RS02)2NC1  gives  (FS02)2N-N(S02F)2  and 
CI2  for  R  *  F  and  O2SNSO2CF3  and  CF3CI  for  R  =  CFs.^" 

Fluoride  Promoted  Reactions  of  CF2'=°NC1.  Reac¬ 
tions  of  CF2“NC1  in  the  presence  of  fluoride  ion  from  KF 
or  CsF  provide  ample  evidence  for  the  formation  of  the 
N-chlorotrifluoromethanamine  ion,  CF3NC1~.  This  anion 
is  apparently  less  stable  than  CF3NF~,  formed  analogously 
from  CF2=NF.®  ’'**  As  shown  in  Table  1,  the  reaction  of 
CF2=“NC1  with  CsF  alone  leads  to  CF3NCI2**  as  the  only 
volatile  product  This  clearly  results  from  a  decomposition 
of  the  anion  forming  either  Cl2  or  CF,  which  then  reacts 
with  CF3NCT  or  CF|f”NCl  to  form  the  observed  CF3NCI2. 

C«F 

CFj^NCl  +  r - -  CF3NCI-  —  ?  +  CI2  or  CF 

CF3NCI-  +  CI2  CF3NCI2  +  ci- 

CF3NCr  +  CF  ~  CF3NCI2  +  P 
CFj— NCI  +  CF  —  CF3NCI2 

The  decomposition  product  resulting  in  the  Cl2  and/or  CF 
has  not  been  identified.  On  a  larger  scale  the  CsF  becomes 
tacky,  indicating  the  possible  formation  of  a  polymeric 
material. 
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2681.  (c)  Jobri.  K.;  Kauuhara,  Y.;  DesMarteau.  D.  D.  J.  Fluorine  Chem. 
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417. 
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When  a  mixture  of  CF2=*NC1  and  CI2  is  allowed  to  react 
in  the  presence  of  CsF  the  intermediate  CFsNCr  anion  is 
rapidly  oxidized  to  give  a  much  improved  yield  of  CFsNClj. 
At  55  *C  the  yield  is  improved  to  75%,  although  it  is  now 
rlaar  that  this  yield  will  depend  on  the  amount  of  CI2  and 
CsF  used.  It  was  also  found  that  BrCl  was  even  more 
effective  than  Ci2  in  this  oxidation.  As  shown  in  Table  I, 
a  nearly  quantitative  conversion  was  found. 

CF3NCI-  +  BrCl  CF3NCI2  +  Br¬ 
it  appears  that  this  reaction  actually  proceeds  via  the 
initial  formation  of  CF3NBrCl  as  shown  in  the  following 
equation. 

CFsNCr  +  Bra  —  CFsNBrCI  +  Cl" 


—  CFsNCI*  +  Br2 

This  is  based  on  the  fact  that  the  Br  in  BrCl  should  be  the 
electrophile  and  that  in  separate  reactions  of  CF3NBrCl 
with  excess  BrCl  in  the  absrace  of  CsF,  CF3NCI2  is  formed 
in  quantitative  yield  (see  next  section). 

The  use  of  Br2  to  oxidize  the  CF3NCI-  anion  leads  to 
good  yields  of  CFsNClBr,  along  with  the  formation  of 
CF3NCI2  and  CF3NBr2.  As  shown  in  Table  I,  the  relative 
yields  depend  strongly  on  the  relative  amounts  of  Br2  and 
CsF  employed.  Sodium  fluoride  is  ineffective  in  this  re¬ 
action,  because  the  NaF  is  too  weak  a  fluoride  base  to 
generate  the  CF3NCI-  anion  from  CF^NCl  On  the  other 
hand,  KF  is  as  effective  as  CsF.  The  formation  of  both 
CF3NCI2  and  CF3NBr2  depend  on  the  formation  of  BrCl 
and  on  the  fluoride  catalyzed  conversion  of  CF3NClBr  to 
CF3NBr2  by  Br2  (see  following  section). 

CF3NCI-  +  Br2  —  CF3NClBr  +  Br* 
CFjNClBr  +  Br2  —  CF3NBr2  +  BrCl 
CF3NBr2  CFaBrCl  CF3NCI2 


A  large  excess  of  Br2  clearly  increases  the  yield  of  CF3NBr2 
and  decreases  the  amount  of  CF3NClBr  and  CF3NCI2. 

Attempts  to  use  CFsNCl'  as  a  nucleophile  in  nucleophilic 
substitution  reactions  were  unsuccessful.  Reactions  of 
CF2“*NC1  with  R<C(0)F  in  the  presence  of  CsF,  which 
were  successful  with  CFsNF"  anion,*  led  to  the  CF3NC12 
and  unreacted  R(C(0)F.  This  may  mean  that  CF3NCI-  is 
considerably  kss  nucleophilic  than  CF3NF-,  but  it  may  also 
only  serve  to  indicate  that  the  rate  of  decomposition  of 
CF3NCi-  is  faster  than  the  intended  nucleopldlic  substi¬ 
tution  on  R^(0)F. 

A  competitive  reaction  involving  CF2”NF  and  CF2* 
NCI  indicates  that  CFsNF*  is  formed  preferentially  to 
CF3NCI-,  and  the  former  is  then  sufficiently  reactive  to 
attack  CF2”NC1.  The  observed  products  are  then  easily 
explained  based  on  the  known  chemistry  of  CF2“NF.® 

CF2=NF  +  F'  -Si-  CFjNF" 

CF3NF-  ♦  CF2=NX  — -  CF3NFCF2NX-  ==^  CFsNFCF=NX 


CFr 


Q' 


\  / 

CFj 


CFs - N—N—X  +  F* 


X  •  F.  Cl 


The  intermediate  formamidine  CF3NFCF=NX  was 
readily  isolated  in  the  case  of  X  =  F,  but  we  could  not 


isolate  CFsNFCF^NCl,  presumably  because  of  different 
reaction  rates  for  the  formation  and  cycUzation  of  form¬ 
amidine  when  X  =  F  vs.  X  =  Cl. 

The  conversion  of  l-chloro-2-(trifluoromethyl)-3,3-di- 
fluorodiaziridine  to  the  1-hydro  derivative  was  accom¬ 
plished  in  low  yield  by  reaction  with  Hg  in  trifluoroacetic 
acid  (TFA). 


CF2N-CF2  +  Hg  +  CFsC02H 
N 


TF» 


CF3N-CF2  +  CFjCIOOHgCl 
N 


Cl 


This  reaction  is  analogous  to  the  conversion  of  R^NCIF  to 
RfNHF  in  the  same  manner.'*  In  the  latter  reaction, 
substitution  of  trifluoroacetic  anhydride  (TFAA)  for  the 
acid  gives  excellent  yields  of  the  N-fluoroimines  Rf'CF= 
NF.  However,  the  same  reaction  with  the  1-chloro- 
diaziridine  gave  CF3N~CF2  and  N2  as  the  major  products, 
suggesting  that  the  intermediate  2-diazirine,  if  formed,  is 
unstable  under  the  reaction  conditions. 


CFs - 


N-Ct^ 

\/ 


N 


Ht,  TFAA 


■CFs— N-CF' 

\// 

N 


Cl 


CFsN=CF2  +  Nj 


Fluoride-Catalyzed  Reactions  of  RfNClX  (X  =  Cl, 
Br)  with  Br2.  The  formation  of  CF3NBr2  in  the  reaction 
CF2='NC1  with  Br2  in  the  presence  of  CsF,  indicated  that 
an  N-Cl  bond  in  CFsNClBr  was  converted  to  an  N-Br 
bond  by  an  unknown  reaction  type.  At  Hrst  BrCl  was 
assumed  to  be  responsible,  but  as  shown  in  the  following 
equation  this  was  clearly  not  the  case. 

CF3NCI2  Br2  —  CF3NClBr  +  BrCl  ’F.  CF3NBr2  +  CI2 

It  was  soon  evident  that  the  metal  fluoride  was  directly 
involved  in  the  reaction  and  surves  as  a  catalyst  for  this 
conversion.  The  way  in  which  the  metal  fluoride  functions 
as  a  catalyst  or  promoter  of  this  reaction  is  still  unknown. 
The  data  in  Table  11  clearly  establish  that  alkali  metal 
fluorides  are  effective  and  other  materials  such  as  CaF 2 
and  activated  charcoal  are  not.  As  we  have  disucssed  in 
a  preliminary  communication,  a  polyhabde  anion  may  be 
involved.®  The  data  in  Table  II  may  be  summarized  by 
the  following  reaction  scheme. 

MF  MF 

CF3NCI2  ==  CFsNClBr  =:=  CFsNBrs 

Depending  on  the  starting  material,  CF3NQ2  or  CFsNBrCI, 
the  relative  amount  of  B^l  is  greater  for  CF3NCI2  and  this 
decreases  the  amount  of  CFsNBrs  formed.  Previously,  we 
reported  that  only  CsF  leads  to  the  formation  of  CFsNBrs.® 
This  is  clearly  not  the  case  if  one  starts  with  CFsNBrCI, 
where  both  NaF  and  KF  also  yield  CF^NBt^.  The  different 
results  starting  with  CF3NCI2  can  be  explained  by  pro¬ 
posing  that  a  larger  amount  of  free  BrCl  is  present  in  the 
case  of  KF  or  NaF.  The  very  active  CsF  us^  in  this  work 
readily  absorbs  Brs  and  probably  BrCl,  whereas  the  ab¬ 
sorption  of  Bt2  by  KF  is  much  less,  and  almost  negligible 
by  NaF. 

The  fluoride-promoted  conversion  of  N-Cl  bonds  to 
N-Br  bonds  by  Brs  is  a  general  reaction  and  has  been 
extended  to  several  other  NCI2  derivatives.  Starting  with 
R(CN  and  CIF,  this  method  should  allow  the  preparation 
of  a  variety  of  NClBr  and  NBrs  derivatives. 

RjCssN  +  2C1F  -  R^FsNCls 

RfCFsNBrCl  R^FsNBrj 
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Table  IX.  Fluoride  Promoted  Beactions  of  RfNClX  (X  =  Cl,  Br)° 


R,NC1X“ 

reactant 

MF 

time,  22  ‘C” 

products 

CFjNClj  (0.5) 

Brj  (5.0) 

2d 

no  reactn® 

CFjNClj  (0.5) 

BrCl  (0.5) 

2d 

no  reactn  ■ 

CFjNClBr  (0.7) 

Br2  (1.4) 

12  h 

no  reactn® 

CFjNClBr  (0.7) 

BrCl  (2.8) 

12  h 

CFjNClj  (0.7) 

CFjNCl,  (1.0) 

Br2  (10) 

C*F  (10) 

42  h 

CFjNClBr  (0.2),  CFjNBrj  (0.3)‘ 

CF3NC12  (1.0) 

Br2  (10) 

CaF  (20) 

40  h 

CFjNClBr  (0.3),  CFjNBrj  (0.1)‘ 

CFjNClj  (1.0) 

Br2  (10) 

KF  (10) 

40  h 

CFjNClBr  (0.4),  CFjNBr,  (trace)* 

CFjNClj  (1.0) 

Br2  (10) 

NaF  (10) 

40h 

CFjNClBr  (0.5)* 

CFjNClj  (1.0) 

Brj  (10) 

LiF  (10) 

40h 

CFjNClBr  (0.2)* 

CFsNClj  (1.0) 

Br2  (10) 

CaFj  (10) 

«)h 

no  reactn* 

CFjNClj  (1.1) 

Br2  (10) 

Charcoal  (0.5g) 

2d 

CFjNCl],  other 

CFjNClBr  (1.0) 

Brj  (10) 

NaF  (15) 

2d 

CFjNBrCl  (0.28),  CFjNBrj  (0.13),  CFjNCl,  (0.15) 

CFjNClBr  (1.1) 

Br2  (10) 

KF(IO) 

2d 

CFjNBrCl  (0.39),  CFjNBrj  (0.35),  CFjNClj  (0.24) 

CFjNClBr  (0.6) 

Brj  (10) 

CaF  (10) 

12  h 

CFjNBrj  (0.5),  CFjNBrCl,  CFjNClj 

CFjNClBr  (0.5) 

Brj  (1.0) 

CaF  (20) 

12  h 

CFjNBrj  (0.1),  CFjNClBr  (0.3),  CFjNClj  (0.1) 

C2F5NCI2  (1.0) 

Br,  (10) 

CaF  (10) 

40h 

CjFjNClBr  (0.4),  CjFjNBr,  (0.2)*-' 

CjFtNCIj  (1.7) 

Brj  (11) 

CaF  (10) 

40h 

CjFjNBrCl  +  CyfjNBrj  (0.7)*‘* 

■Amounts  in  mmol.  All  reactions  carried  out  in  the  absence  of  light,  d  =  days.  ^Recovered  starting  -NCI2.  'C}F5NBr2  identified  by 
NMR  and  spectrum.  See  ref  20.  ^C}F2NBr2  identified  only  by  mass  spectrum  with  intense  M*  in  both  El  and  Cl.  See  discussion 


Table  n  shows  data  for  CF3CF2NCI2  and  CF3CF2CF2NCI2. 
In  both  cases,  some  of  the  respective  NBr2  derivatives  were 
also  formed,  but  the  latter  could  not  be  readily  isolated 
as  pure  compounds  from  the  BrCH2CH2Br  formed  on  re¬ 
moval  of  excess  Br2  by  treatment  with  ethylene.  NJ^- 
dibromoperfluoropropanamine  was  identified  only  by  its 
maaa  spectrum  and  CFjCFjNBzi  by  its  mass  spectrum  and 
‘*F  NMR.  The  latter  agreed  with  a  published  NMR 
spectrum.** 

Characterization  of  New  Compounds.  The  data 
given  in  the  experimental  section  provides  excellent  sup¬ 
port  for  the  indicated  structures.  No  direct  spectroscopic 
evidence  for  the  N-N  double  bond  in  FS020CF2N*=NC- 
F2OSO2F  is  given,  but  the  mass  spectrum  clearly  identifies 
the  presence  of  two  nitrogens  in  the  molecule.  For 

CF3NCF2NX2  (X  *  Cl,  H),  the  ring  structure  is  clearly 

evident  by  comparison  of  the  IR  and  NMR  with  CF3N- 

CF2NF.*  Both  diaziridines  appear  to  be  present  in  only 
one  isomeric  form  as  an  enantiomeric  pair  of  either  the  cis 
or  trans  diastereomers.  On  steric  grounds  the  favored 
isomer  should  be  trans,  but  our  data  do  not  allow  an  as¬ 
signment  to  be  made.  However,  the  isomers  are  probably 

the  same  as  CF3NCF2NF,  which  can  be  reasonably  as¬ 
signed  as  trans  based  on  the  magnitudes  of  the  CF3-NF 
VpF  coupling.®  The  syntheses  of  CFsNBrCl  and  CF3NBr2 
complete  the  series  CF3NXX'  (X,  X'  *  F,  Cl,  Br).  No 
N-iodo  derivatives  have  been  reported  and  we  have  thus 
far  been  unable  to  extend  our  reactions  to  iodine.  The  new 
compounds  exhibit  surprisingly  high  thermal  stability,  with 
CF3NBr2  (g,  100  torr)  stable  to  at  least  100  ”C  in  glass.  At 
near  140  ”C,  CF3NBr2  undergoes  extensive  decompostion 
to  CF3N—NCF3  and  Br2.  On  the  other  hand,  pure  CF3- 
NBrCl  (g,  100  torr)  was  stable  to  160  "C,  but  suddenly 
decomposed  to  CF3N—NCF3  and  other  products  at  ~175 
•C.  The  stability  of  CF3NBrCl  is  strongly  influenced  by 
impurities  (presumably  Br2)  and  impure  samples  were 
obMrved  to  slowly  form  CF3NBr2  and  CF3NCI2  at  50  ®C. 

Both  CF3NBrCl  and  CF3NBr2  are  yellow  gases  and  are 
very  sensitive  to  Pyrex  Hltered  sunlight,  forming  the 
diazene  CF3N“NCF3^*  in  high  yield. 

2CF3NBrX  CF3N—NCF3  +  2XBr 
X  =  Cl,  Br 

(20)  Watcrfeld.  A.;  Mewt.  R.  J.  Chem.  Soc..  Chem.  Commun.  1982, 
839. 


Table  in. 

Some  Propertiea  of  CF,NXX' 

CFjNXj 

i  CFj  (CFClj) 

NX,  cm-‘ 

CF,NFj“ 

-84.1 

1018,  951* 

CFjNFCF* 

-79.3* 

951,  752“ 

CFjNFBr’ 

-77.6 

934.  731* 

CFjNClj” 

-74.1* 

812,  708* 

CFjNClBr 

-72.3* 

787,  688* 

CFjN-Br, 

-70.5* 

758,  675* 

■AMignmenU  taJces  from  Schack,  C.  J.;  Cbriste,  K.  0.  Inorg. 
Chem.  1983,  22,  22.  ■This  work. 


This  is  in  contrast  to  all  other  members  of  the  CF3NXX' 
series,  which  are  essentially  stable  to  photolysis  under  the 
same  conditions.  In  Table  m,  some  comparative  data  for 
CF3NXX'  are  shown.  The  trends  in  Table  III  are  re¬ 
markably  regular.  A  simple  plot  of  the  CF3  chemical  shift 
vs.  the  sum  of  the  Pauling  electronegativities  of  X  is  es¬ 
sentially  linear.  In  CFsNClBr,  the  two  N-X  stretches  must 
be  strongly  coupled,  otherwise  it  is  hard  to  understand  why 
the  i>  (NCI)  stretch  would  be  higher  than  the  average  of 
the  symmetric  and  assymmetric  v  (NCI)  stretches  in 
CF3NCi2,  and  y  (NBr)  lower  than  the  same  average  in 
CF3NBr2. 

Finally,  the  NMR  for  CF3CF2NClBr  and  CF3CF2CF2N- 
ClBr  are  rather  surprising.  All  known  perhalogenated 
derivatives  of  the  type  RCF2NFX  (X  =  Cl,  Br,  FSO3  and 
R  =  R,,  Cl,  FSO3)  exhibit  pronounced  second-order  Afi 
spectra  for  the  methylene  fluorines,®-®’*®  due  to  the  high 
inversion  barrier  and  resultant  chiral  nitrogen.  In  contrast, 
CF3CF2NBrCl  and  CF3CF2CF2NBrCl  exhibit  apparent 
first-order  NMR  spectra.  These  observations  leave  only 
two  possibilities  concerning  tbe  inversion  at  nitrogen;  the 
substitution  of  a  fluorine  atom  on  nitrogen  by  either 
chlorine  or  bromine  lowers  the  inversion  varrier,  so  that 
inversion  is  rapid  on  the  NMR  time  scale  at  22  ®C,  or  the 
inversion  is  slow  on  the  NMR  time  scale,  but  the  diaste- 
reotopic  a-methylene  fluorine  atoms  have  identical  or 
nearly  identical  chemical  shifts  leading  to  a  very  large  J/A 
and  the  apparent  first-order  spectra.*® 

Recent  work  on  inversion  barriers  of  acylic  nitrogen 
compounds  indicates  that  two  electronegative  substituents 
on  nitrogen  are  required  to  have  an  inversion  barrier  of 

(21)  Chamber*.  W.  J.;  TuUock,  C.  W.;  Coffman,  D.  D.  J.  Am.  Chem. 
Soc.  1962,  84,  2337. 

(22)  Ruff,  J.  K.  J.  Org.  Chem.  1967,  32,  1675. 

(23)  Sekiya,  A.;  DeaMaiteau,  D.  D.  Inorg.  Chem.  1981,  20,  1. 

(24)  See:  Corio,  P.  L.  *Structurc  of  High-Re*olution  NMR  Spectra": 
Academic  Preia:  New  York,  1966. 


3595 


*^23  kcal/mol  and  thus  configuration  stability  at  22 
These  authors  claim  a  lower  limit  of  ~7.1  for  the  sum  of 
the  electronegativities  of  CH3O  and  X  in  MeC02CH2- 
(CH3)2CN(X)OMe.  The  related  series,  CF3N(F)CF2CF3,*= 
C1CF2CF2N(C1)CF3,“  CF3CF2NFC1,“  CF3CF2NFBr,'  and 
FS020CF2N(F)0S02F,’  provides  an  interesting  compar¬ 
ison  in  this  regard.  If  the  contribution  of  the  alkyl  groups 
C2F5,  CICF2CF2,  and  FSO2OCF2  are  all  similar,  the  sum 
of  the  electronegativities  of  the  other  two  substituents  on 
nitrogen  can  be  compared.  Since  the  electronegativity  of 
the  CF3  group  is  near  3.3  on  the  Pauling  scale,^  and  that 
of  FSO^  is  close  to  3.8,^^  the  sums  for  the  aforementioned 
five  compounds  are  7.3, 6.5,  7.2,  7.0,  and  7.8,  respectively, 
but  only  the  Last  three  compounds  exhibit  configuration 
stability  at  22  °C.  Clearly,  the  prediction  of  inversion 
barriers  on  the  basis  of  the  electronegativities  of  the  sub¬ 
stituents  on  nitrogen  is  only  a  very  approximate  guide. 


(25)  Koatyanoviky,  R  G.;  Ruchenko,  V.  F.;  Shumburg,  V.  G.  Tetra¬ 
hedron  1981,  37,  4245. 

(26)  Zheng,  Y.  Y.;  DeeMertaau,  D.  D.,  to  be  publiibed. 

(27)  Welle,  P.  R  Progr.  Phyt.  Org.  Chem.  1968,  6,  111. 


In  the  near  future,  we  hope  to  prepare  CICF2CF2N- 
(X)0CF3  (X  =  F,  These  two  compounds  would  pro¬ 
vide  interesting  insight  into  the  effect  of  electronegativities 
on  inversion  barriers  in  acyclic  nitrogen  compounds.  The 
CF3O  group  has  a  value  of  at  least  3.8.“ 
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The  fascinating  chemistry  of  the  simple  imines  CF^^-NX  (X 
>•  F,  Cl)  has  provided  routes  to  many  novel  fluorinated  materi¬ 
als.''’  These  compounds  have  also  provided  an  opportunity  to 
compare  the  reactivities  of  the  carbon-nitrogen  double  bonds 
affeaed  only  by  the  halogen  substituent  on  nitrogen  and  to 
compare  the  reactivities  of  the  N-X  bonds.  Perfluoromethanimine 
is  considenbiy  more  electrophilic  than  CFj—NCl,  but  the  N — X 
bond  in  the  latter  is  considerably  more  reactive. 

In  the  course  of  research  with  CF2“NX  (X  *  Cl,  F),  we 
became  increasingly  interested  in  preparing  the  A'-bromo  analogue. 
It  was  obvious  that  the  latter  would  have  the  most  reactive  N-X 
bond  and  would  rejn'esent  an  extremely  useful  synthon.  However, 
all  attempts  to  prepare  it  by  methods  analogous  to  the  preparation 
of  CFj— NCI*  and  CFj«— NF’  failed.  We  speculated  that  the 
fluoride-promoted  oxidation  of  FC>mN  by  Br^  might  yield  the 
desired  compound.  However,  FOasN  is  quite  difficult  to  prepare,' 
and  this  reaction  remained  untried  until  an  unexpected  source  of 
FC«N  became  available.  Pyrolysis  of  CFiCFiCF—NBr  at  450 


*C  gives  FC*N  and  CjFsBr  in  excellent  yield.’  This  provided 
the  needed  FCmsN,  and  our  first  attempt  at  the  preparation  of 
CF2™»NBr  was  successful. 

FC*N  -I-  MF  —  FjC— N'M* 

F2C— NBr  +  MBr  M  =  K,  Rb.  Cs 

Some  of  the  CF2~NBr  is  further  oxidized  to  CF3NBr2,  which 
was  previously  prepared  from  the  metal  fluoride  catalyzed  con¬ 
version  of  CFjNClBr  to  CF3NBr2  by  Brj.* 

CF2— NBr  +  MF  —  CFjNBr-M*  CFjNBr,  +  MBr 

In  a  typical  reaction,  a  lOO-mL  flask  fitted  with  a  glass-Telfon 
valve  is  charged  with  15  mmol  of  active  KF  in  a  drybox.'®  The 


(1)  Chsng,  S.-C.;  DesMarteau,  D.  D.  /norg.  Chem.  1983,  22,  805. 

(2)  Chang,  S.-C.;  DesMarteau.  D.  D.  J.  Org.  Chem.  1983.  44,  T71. 

(3)  Zheng.  Y.  Y.;  DesMarteau.  D.  D.  J.  Org.  Chem.  1983.  44,  4844 

(4)  Zheng.  Y.  Y.:  Mir,  Q.-C.;  O'Brien,  B.  A.:  DesMarteau,  D.  D.  Inorg. 
Chem.  1984.  23.  318. 

(5)  Zheng.  Y.  Y.;  Bauknight,  C.  W.;  DesMarteau.  D.  D.  J.  Org.  Chem. 
in  preas. 

(6)  Young.  D.  E.;  Anderson,  L.  R.;  Fox,  W.  B.  J.  Chem.  Sac..  Chem. 
Cammun  1970,  393. 

(7)  Sekiya,  A.;  DesMarteau,  D.  D.  J.  Org.  Chem.  1981,  46.  1277. 

(8)  Fawcett,  F.  S.:  Lipscomb,  R.  D.  J.  Am.  Chem.  Soc.  1964,  4(5,  2376. 
<9)  O’Brien,  B.  A.;  OwMarteau,  D.  D.  J.  Org.  Chem.  1984,  49,  1467. 
(10)  Both  (^F  and  RbF  are  effective  in  this  reaction.  However.  KF 

appears  to  give  higher  yields.  Meul  fluorides  are  activated  by  fusing  in  a 
platinum  crucible,  followed  by  grinding  to  a  fine  powder  in  a  ball  mill  under 
very  anhydrous  conditions.  No  reaction  was  oburved  with  NaF. 
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TaUe  I.  Vibrational  Asiignmenu  for  CF;— NX 


CF:— NF* 

CF,— NCI 

CF;— NBr' 

IR 

Raman 

IR* 

Raman' 

IR 

Raman 

C— N 

1740.3  s 

1733  m,  p 

1728  vs 

1731  m.  p 

1742R  vs* 

1732P 

1731  w, p 

CFj(a$) 

1383.5  s 

1 3.88  vw,  p 

1322  s 

1322  vw,  p 

1305R  vs' 

1293P 

1305  vw,  p 

NX 

1021.2  s 

1013  w,  p 

771  m 

777  vs,  p 

726R  m' 

718P 

727  s.  p 

CFj($) 

932.9  s 

932  ws,  p 

981  s 

989  m,  p 

981R 

976QS 

972P 

981  w,  p 

5-CF, 

640 

644  vs,  p 

598  w 

598  s.  p 

578  w 

587  m,  p 

/>-CFj 

520.0  w 

522  s,  p 

465  w 

465  vs.  p 

391  w 

390  vs,  p 

i-NX 

285.7  w 

291  w,  p 

228  m'-^ 

237  m,  p 

200?/ 

199  m,  p 

/J-CF: 

643.2  m 

649  m,  dp 

658  m 

659  m,  dp 

673R 

665Qm 

657P 

663  w,  dp 

tors 

302.5  w 

306  m.  dp 

234  m‘4 

245  sh.  dp? 

213  vw» 

225  vs.  dp? 

‘Reference  12.  *  Reference  II.  'This  work.  IR  taken  on  a  Perkin-Elmer  1430  Data  System  using  a  10-cm  cell  fitted  with  Csl  windows.  Raman 
spectra  were  taken  on  a  Spex  1403  Ramalog  Double  Spectrometer  with  a  Scamp  data  system.  Samples  were  conuined  in  a  low-temperature  liquid 
cell;  excitation  was  by  the  314.5  nm  line  of  an  argon  ion  laser  (CF^^NCl,  400  mW;  CFj^NBr,  100  mW).  ^Two  overlapping  bands.  'Q  branches 
clearly  evident  but  not  readily  resolved.  -^Low-wavenumber  limit  of  instrumentation  was  200  cm*'.  Comparison  of  background  and  sample  spectrum 
indicates  presence  of  a  medium  absorption  just  below  200  cm*'.  *  Presence  of  a  weak  band  at  300  torr  is  clearly  evident.  At  higher  pressures,  attack 
of  CF2~NBr  on  the  Csl  windows  is  rapid. 


flask  is  then  evacuated  and  cooled  to  -196  *C,  and  Br^  (4.8  mmol) 
and  FC^N  (3.S  mmol)  are  added  by  vacuum  transfer.  The 
reactor  is  then  warmed  to  22  ”C  in  a  water  bath  while  agitating 
the  contents  by  shaking.  Reaction  is  rapid  near  22  *C,  and  after 
1  h,  the  volatile  materials  are  pumped  through  a  series  of  cold 
traps  yielding  (mmol)  CFsNBrj  (-75  “C,  1.3)  CF2**NBr  (-1 1 1 
®C,  1.3),  and  small  amounts  of  FC»»N  and  CjFjBr  (-196  ®C), 
the  latter  present  as  an  impurity  in  the  starting  FCWn. 

jV-Bromodifluoromethanimine  is  a  pale  yellow  gas  (bp  14.S  ®C, 
log  Piton)  -  6.5472  -  (642.38/7)  -  (1 18  655/ 7*).  *  6.71 

kcal/mol,  M'np  ~  23.3  eu),  which  freezes  to  a  pale  yellow  solid 
(mp  -93  to  -92  ‘C).  A  UV-vis  spectrum  (210-780  nm)  of  the 
gas  at  5  torr  (10  cm)  exhibits  an  intense  absorption  at  240  nm 
(<nu  cm'')  with  a  weak  shoulder  near  340  nm.  At  20 

torr,  absorption  begins  at  600  nm.  Under  the  same  conditions, 
CFj^xNCl  shows  evidence  of  strong  absorption  below  210  nm. 

The  mass  spectrum  of  CFj^NBr  exhibits  intense  molecular 
ions  in  both  El  (100%)  and  Cl  (100%)  at  143/145  and  144/146, 
respectively.  A  vapor-density  molecular  weight  determination  gave 
a  value  of  144  (calcd  143.923).  The  ’’F  NMR  (1%  in 


80:20:  l/CCUrCDClsrCFCls)  gave  the  expected  AB  spin  system 
with  A  -31.3.  B  -54.3.  and  Vab  “  68  Hz. 

The  infrared  (g)  and  Raman  (1)  spectra  allow  a  good  assigiunent 
of  the  fundamental  vibrational  modes  in  CF}*— NBr  based  on  C, 


symmetry.  These  assignments  were  easily  made  by  comparison 
with  the  specM  of  CFj^NF  and  CFj^NCl. '  For  CFf“NCl, 
previous  assignments  based  on  only  a  partial  infrared  spectrum 
must  be  revised  in  view  of  Raman  data  obtained  in  this  work.  The 
assignments  for  the  compounds  are  compared  in  Table  I  by  using 
the  description  previously  given  for  CF2*“NF.'^  Within  the 
resolution  limit  of  our  instrument,  the  band  contours  for  CFj^ 
NBr  appear  to  be  nearly  identical  with  those  of  CFj^NF.  For 
both  CF2"“NBr  and  CFj^NCl,  the  assignment  of  the  torsional 
frequency  is  tentative.  Neither  molecule  exhibits  a  distinct  Raman 
band  for  this  mode.  However,  very  weak  features  at  a  somewhat 
higher  frequency  than  S-NX  are  evident  in  the  spectra.  In  the 
case  of  CF2W“NF,  the  torsion  is  the  second  least  intense  Raman 
band,  and  this  provides  support  for  the  assignments  in  CF2’~NC1 
and  CF2— NBr.  Taken  together,  the  assignments  in  Table  1 
provide  very  reasonable  values  for  the  three  compounds. 

The  chemistry  of  CF2‘~NBr  is  under  active  investigation  and 
will  be  reported  separatdy.  Other  reactions  of  FC=N  suggested 
by  this  work  are  also  being  explored. 
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(Fluoroimido)tetranuorosulfur  undergoes  a  number  of  reactions  with  strong  electrophiles,  involving  addition  to  the  sul¬ 
fur-nitrogen  double  bond.  It  also  reacts  readily  with  fluoride  ion.  forming  the  reactive  nucleophile  SFsNF*.  Chlorine(I) 
fluorosulfate,  brainine(I)  fluorosulfate,  and  peroxydisulfuryl  difluoride  add  to  F4S*~NF,  forming  the  respective  ds  adducts. 
The  '*F  NMR  spectra  of  these  adducts  provide  the  First  examples  of  magnetic  nonequivalence  induct  in  an  octahedral 
system  by  an  adjacent  chiral  center.  The  anion  SF5NP.  generated  in  situ  from  F^S^NF  and  KF,  reacts  readily  with 
Brj,  forming  SFsNBrF,  and  with  acyl  fluorides,  forming  RCONFSF5.  The  SFsNF*  ion  also  reacts  with  FjC“NF  to  form 
(SFsNFjFC^wNF,  which  is  isomerized  to  the  unusual  a2»  compound  FjSN— NCFj  in  the  presence  of  CsF.  Self-reaction 
of  F«S>— NF  in  the  presence  of  KF  does  not  produce  the  expected  dimer  (SF,NF)F]S~NF.  Instead,  extensive  decomposition 
is  observed,  along  with  a  low  yield  of  the  unusual  amine  (SF5)}NF. 


IntroductioB 

Compounds  of  sulfur,  nitrogen,  and  fluorine  conuining 
multiple  N-S  bonds  are  well-known  and  have  led  to  much 
unique  and  interesting  chemistry.  Among  these  compounds 
arc  examples  containing  triple  (e.g.,  NwaSF,  N*tSF3,  and 
NmaSFjfCHj))  and  double  (e.g.,  F4S-WNR,  (R)FjS— NR, 
XX'FjS— NR,  XX'S(— NR)j.  O^S— NR,  and  (0)FjS-«NR) 
bonds.^  Despite  the  long  and  chemically  productive  history 
of  this  general  class  of  compounds,  r^xms  of  the  synthesis  and 
chemistry  of  imidotetrafluorosulfur  compounds,  F4S~NR, 


(1)  Work  done  in  part  at  Kansas  State  University. 

(2)  For  reocnt  reviews  of  this  area,  see:  (a)  Glemser,  O.;  Mews,  R.  Angew. 
Chem.,  tm.  Ed.  Engl.  1978, 17,  530.  (b)  Mews.  R.  Adv.  Inorg.  Chtm. 
Radiocktm.  197S,  19.  185.  (c)  Glemser,  O.;  Mews,  R.  Ibid.  1972. 14. 
333. 


have  been  few.  Among  the  compounds  of  this  class  so  far 
reported  are  F4S=-NCF3,5  F4S=NCH3,''  and  F4S=NSF5;' 
of  these  three  compounds,  extensive  chemical  investigations 
have  been  reported  only  for  F4S=NSF5.^  Some  chemistry  of 
a  (perfluoroaIkyl)(trifluoroimido)sulfur  compound,  (CFj)- 
F3S“NCF3,‘  has  also  been  reported. 


(3)  Mueiierties,  E.  T.;  Mahler.  W.;  Packer,  K.  J.;  Schmuizler,  R.  Inorg. 
Chern  19M  3  1298 

(4)  Mews,  R.  Angew.  Chem..  Ini.  Ed.  Engl.  1978.  17,  530. 

(5)  (a)  Wsterfeld,  A.;  Mews,  R.  Angew.  Chem..  Ini.  Ed.  Engl.  1982.  21. 
354.  (b)  Wsterfeld.  A.;  Mews.  R.  Ibid.  1982.  21.  355  (c)  Wsterfeld, 
A.;  Mews,  R.  Angew.  Chem.  SuppI  1982.  827-836.  (d)  Wsterfeld,  A.; 
Mews,  R.  Ibid.  1982,  834-845.  (e)  Wsterfeld,  A.;  Mews,  R.  Chem  Ber. 
1983, 116.  1674.  (0  Wsterfeld.  A.  Ph.D.  Dissertation.  Gottingen.  FRG. 
1981 

(6)  (a)  Yu.  S  -L.;  Shreeve.  J.  M. /norg.  Chem.  1976, /5.  14.  (b)Yu,  S.-L.; 
Shreeve,  J.  M.  J.  Fluorine  Chem.  1976.  7.  85 
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Recently,  the  synthesis  and  charaaerization  of  the  simplest 
fluorinated  member  of  the  series,  F4S=“NF,  (fluoroimido)- 
tetrafluorosulfur,  was  reported.^  Herein  we  wish  to  describe 
an  investigation  of  some  of  the  chemistry  of  this  compound. 
(Fluoroimido)tetrafluorosulfur  has  been  found  to  undergo 
reactions  with  acyl  fluorides,  perfluoromethanimine,  bromine, 
and  chlorine  in  the  presence  of  KF.  In  addition,  reaction  of 
F4S“NF  with  FjC^NF  in  the  presence  of  CsF  leads  to  the 
azo  compound  F5SN=NCF3.  These  reactions  are  believed 
to  proceed  by  way  of  the  anion  SF5NP,  formed  by  the  reaction 
of  F4S“NF  with  P.  Ample  precedent  for  the  formation  of 
SF5NP  may  be  found  in  mechanistically  similar  chemistry 
reported  for  FjC— NCFj,*  F4S=NSFs,5  F4S— O,’  and 
FjC— NF."» 

In  another  type  of  reaction,  the  strong  elecuophiles  XOSOjF 
(X  =  Br,  Cl,  OSO^F)  have  been  found  to  add  directly  to  the 
double  bond  of  F4S=^NF,  forming  the  unusual  octahedral 
sulfur(VI)  compounds  ciJ'SF4(OSOjF)NFX.  While  many 
ciSMiisubstituted  X]SF4  compounds  have  been  reported,"  in 
only  a  few  instances  have  the  two  non-fluorine  substituents 
been  different.  Specific  examples  of  such  compounds  include 
SF4(0CF3)00CF3,"''  SF4(NF2)0CF3,"'  SF4(C1)- 
OSOjCF3,"**  and  SF4(Cl)OS02F."*  In  each  of  these  spedflc 
cases,  the  reported  ’’F  NMR  spectra  have  been  complex, 
because  the  low  symmetry  of  the  molecules,  due  to  the  dif¬ 
ference  in  the  two  substituents,  increased  the  number  of 
magnetically  nonequivalent  types  of  fluorine  from  two  to  three. 
In  the  new  examples  of  cis-disubstituted  XX'SF4  compounds 
which  we  report  here,  an  additional  factor  is  present;  the 
chirality  of  the  NFX  substituent.  The  proximity  of  this  group 
to  three  of  the  four  central  fluorine  atoms  allows  all  four 
central  fluorine  atoms  to  become  magnetically  nonequivalent, 
giving  rise  to  complex  and  highly  characteristic  ’’F  NMR 
spectra. 

Experimental  Section 

Gceeral  Procedures.  Volatile  compounds  were  handled  in  either 
a  stainless  steel  or  a  glass  vacuum  system  fitted  respectively  with 
Teflon-packed  stainless  steel  valves  or  with  glass-Teflon  valves. 


(?)  (a)  DesMarteau.  D.  D.;  Seppeh.  K.  Angew.  Chtm.,  Ini.  Ed.  Engl.  19M, 
19,  633.  (b)  DesMarteau.  D.  D.;  Eyscl.  H.  H.;  Oberbammer,  H.; 
Gunther,  H.  Inorg.  Chem.  19S2,  2!.  160?. 

(g)  Chambers,  R.  D.  ‘Fluorine  in  OrganK  Cbemtstry’;  WUey-Interscience: 
New  York.  19?3;  p  24?. 

(9)  (a)  Lustig,  M.;  Ruff.  J.  K.  Inorg.  Chtm.  1967,  6,  21 13.  (b)  Dudley. 
F.  B.;  Cady,  G.  H.;  Eggen.  D.  F,  J.  Am.  Chtm.  Soc.  1956.  78.  1553 
(c)  Schack.  C.  J.;  Wilson.  R.  D.;  Muirhead.  J.  S.:  Coby.  S.  N.  Ibid. 
1969.  91.  290?. 

(10)  (a)  Chang,  S.-C.;  DesMarteau.  D.  D.  Polyhtdron  19S2.  1,  129.  (b) 
Chang,  S.-C.;  DesMarteau.  D.  D.  J.  Org.  Chtm.  1963,  48,  ?71. 

(11)  (a)  For  an  early  review,  see:  Williamsoo,  S.  M.  Prog.  Inorg.  Chtm. 
19166,  7,  39.  (b)  HohorsL  F.  A.;  DesManeau,  D.  D.;  Anderson.  L.  R.: 
Gould.  D.  E.;  Fox,  W.  B.  J.  Am.  Chtm.  Soc.  1973.  95.  3866.  (e) 
Duncan.  L.  C.;  Cady.  G.  H.  Inorg.  Chtm.  1964.  3.  1045.  (d)  Johri.  K. 
K.;  Katsuhara,  Y.;  DesMarteau.  D.  D.  J.  Fluorine  Chtm.  1962. 19.  22?. 
(e)  O'Brien.  B.  A.  DesMarteau.  D.  D.  Inorg.  Chtm.,  1964, 23. 644.  (fl 
Pass,  G.;  Roberu,  H.  L.  Ibid.  1963. 2. 1016.  (g)  Dreadner.  R.  D.;  Reed. 
T.  M.,  Ill;  Taylor.  T.  E.;  Young,  J.  A.  .7.  Org.  Chtm.  1960.  25.  1464 
(h)  Hoffman.  F.  W.;  Simmons.  T.  C.;  Beck.  R.  B.;  Holler,  H.  V.;  Katz. 
T.;  Hoshar.  J.;  Larsen,  E.  R.;  Muhraney.  J.  E4  Rogers,  F.  E.;  Singleton. 
B.;  Sparks,  R.  S.  J.  Am.  Chem.  Soc.  1957,  81.  5?4.  (i)  Dresdner.  R, 
D.;  Young.  J.  A.  Ibid.  1959.  81.  574.  (j)  Muller,  N.;  Uuterbur,  P  C.; 
Svatos.  G.  F  Ibid  1957.  79.  1043.  (k)  Duncan,  L.  C.;  Cady.  G  H. 
Inorg.  Chem.  1964.  3.  850.  (I)  Clifford.  A.  F.;  El-Sbaney.  H.  K.; 
Emeleus.  H.  J.;  Hazeldine,  R.  N.  J.  Chem.  Soc.  1953.  2372.  (m) 
Tyezkowski.  E.  A.;  Bigelow.  L.  A.  J.  Am.  Chem.  Soc.  1953.  75.  3523, 
(n)  Shreeve.  J  M.;  Cady.  C  H.  Ibid.  1961,  83.  4521  (o)  Hofler.  R.; 
Glemser.  O.  Angew.  Chem.,  Ini.  Ed.  Engl.  1973.  12,  10()0.  (p)  Abe. 
T.;  Shreeve.  J  M.  Inorg.  Nuel.  Chem.  Leu.  1973.  9. 465  (q)  WaterfeW. 
A..  Mews,  R.  Angew  Chem..  Ini.  Ed.  Engl.  1961.  20.  1017.  (r)  Kita- 
zume.  T.;  Shreeve.  J.  M.  J.  Chem.  Soc.,  Chem.  Common.  ItTg.  154 
($)  Haran.  G.;  Sharp,  D  W  A  J  Fluorine  Chem  1973/74.  3,  423  (t) 
Abe.  T,.  Shreeve.  J  M  Ibid  1973.  3.  17  (u)  Abe.  T.:  Shreeve.  J  M 
Ibid.  1973/74.  3,  187  (v)  Bock.  H.;  Boggs.  J.  E.;  Kleeman.  G.;  Lentz, 
D.;  Oberhammer.  H..  Peters.  E  M..  Seppeli.  K..  Simon,  A.;  Solouki. 
B  Angew  Chem..  Ini  Ed  Engl  1979,  IS.  944 


Pressures  in  the  glass  system  were  measured  with  a  Wallace  and 
Tieman  Series  1500  differential  pressure  gauge;  those  in  the  metal 
system  were  measured  with  a  precision  Heise  Bourdon  tube  gauge. 
Temperatures  were  measured  with  a  digital  indicating  iron-constantan 
thermocouple.  Amounts  of  reactants  and  products  were  measured 
either  by  direct  weighing  or  by  PVT  measurements,  assuming  ideal 
gas  behavior. 

Infrared  spectra  were  recorded  with  a  Perkin-Elmer  Model  1 330 
spectrometer.  A  10-cm  glass  cell  fitted  with  AgCl  windows  was  used. 
’’F  NMR  spectra  were  recorded  with  a  Varian  XL-100-15  spec¬ 
trometer,  using  ~80  mol  %  CFCI3  as  solvent  and  internal  reference. 
High-field  chemical  shifts  are  negative.  Mass  spectra  were  obtained 
with  a  Finnigan  4021-C  instrument  at  70  eV  for  El  and  Cl  (CH4). 
Samples  were  introduced  by  direct  gas  injection. 

Melting  points  were  determined  by  a  modified  Stock  procedure. 
Vapor  pressures  as  a  function  of  temperature  were  determined  by  the 
method  of  Kellogg  and  Cady"  or  by  the  use  of  a  small  isoteniscope." 
Equations  describing  pressure  as  a  function  of  temperature  were 
obtained  by  a  least-squares  fit  of  the  data  to  both  linear  and  quadratic 
equations,  and  the  best  fit  is  reported. 

For  further  purification  of  reaction  products,  chromatography  was 
carried  out  on  a  Victoreen  Series  4000  gas  chromatograph  equipped 
for  gas  injection,  TCD,  and  low-temperature  collection.  A  10  ft  x 
^/i  in.  or  2  ft  X  in.  column  pack^  with  35%  halocarbon  11-21 
polymer  oil  on  acid-washed  Chromasorb  P  was  used. 

Rengeats.  Chlorine,  CF3COF,  CH3COF,  and  C2H4  were  obtained 
from  commercial  sources  and  were  us^  as  received.  Active  KF.  CsF. 
RbF,  and  NaF-KF  eutectic  mixture"  were  prepared  by  fusion  in  a 
Pt  dish,  followed  by  grinding  to  fine  powders  in  a  dry  mortar  inside 
of  a  drybox.  Carbonyl  fluoride  was  prepared  from  CCXTIj  and  NaF 
in  CH3CN  at  40  “C."  Perfluoropropionyl  fluoride  was  prepared 
from  the  reaction  of  CFyCFyCOCI  with  SbF3/Cl}.  Bromine  and 
CFCI3  were  dried  by  storage  over  P4O10. 

((F1uorocarbonyl)imido)sulfur  difluoride  was  prepared  by  a  lit¬ 
erature  method,"  except  for  the  heating  step,  which  was  omitted.  This 
modification  led  to  the  product  in  higher  yield  and  in  greater  purity 
than  were  reported  in  ref  IS.  (Fluoroimido)tetrafluorosulfur  was 
prepared  as  described  previously,’  with  two  exceptions:  the  FiS** 
NCOF  was  prepared  as  just  described,  and  the  dehydrofluorination 
of  SF5NHF  to  give  F4S>“NF  was  done  with  a  NaF-KF  eutectic  (55% 
NaF  by  weight)  mixture"  rather  than  with  KF.  Reaction  times,  at 
-4  *C.  varied  from  15  min  to  —  5  h,  depending  on  how  many  times 
the  NaF-KF  had  been  used  previously.  Caution:  On  two  occasions 
~3-mmol  samples  of  F^r^NF  exploded  with  considerable  force 
while  they  were  warmed  from  -196  to  +22  ‘C  in  a  glass  vessel.  Due 
caution  must  be  exercised  in  handling  this  compound  and  its  de¬ 
rivatives,  and  sample  size  should  be  limited  to  3  mmol. 

Peroxydisulfuryi  difluoride,"  ClOSOjF,"  BrOSOjF,"  and  Fj- 
C— NF*  were  prepared  according  to  literature  methods. 

Geoenl  Procriure  for  RcactHWE  Invoiviiig  AlkaG-Metal  Fluorides. 
Inside  a  drybox.  the  fused,  finely  powdered  metal  fluoride  was  placed 
in  a  one-piece  ca.  120-mL  Pyiex  flask  fitted  with  a  glass-Teflon  valve 
and  containing  a  Teflon-coated  magnetic  stirring  bar.  After  removal 
from  the  drybox  and  evacuation  of  the  flask,  the  volatile  reactant(s) 
were  condensed  into  the  flask  at  -196  *C,  and  the  metal  fluoride  was 
stirred  for  an  appropriate  length  of  time  at  ca.  23  °C. 

At  the  end  of  the  reaction  period,  the  volatile  materials  were 
separated  by  passage  through  a  series  of  traps  maintained  at  ap¬ 
propriate  temperatures.  Further  purification  by  GLC  was  done  in 
some  cases. 

Preparation  of  SFsNfFjCOF.  Carbonyl  fluoride  (6.0  mmol)  and 
FjS^NF  (1.5  mmol)  were  condensed  into  a  flask  containing  fused, 
powdered  KF  (1.36  g.  23.4  mmol),  and  the  KF  was  stirred  for  3  h 
at  23  *C-  Fractiwiaiion  (-1 1 1  and  -196  ®C)  of  the  volatile  matenals 


(12)  Kellogg.  K.  B.;  Cady.  G.  H.  J.  Am.  Chem.  Soc.  1948.  70.  3966. 

(13)  Smith.  A.;  Menzics,  A.  W.  C.  J.  Am.  Chem  Soc.  1910.  32.  987. 

(14)  Timmermans.  J  ‘Physico-Chemical  Consunb  of  Binary  Systems*: 
Inierscience:  New  York.  1960;  Vol.  3.  p  247. 

(15)  ClifTord.  A.  F.;  Thompson.  J  W.  Inorg.  Chem.  1965.  4.  571 

(16)  Hohont.  F.  A  Ph.D.  Dissenation.  Northeastern  University,  1974 

(17)  Shreeve.  J  M.;  Cady,  G.  H.  Inorg.  Synth  1963,  7,  124 

(18)  (a)  Schack.  C.  J.;  Wilson,  R.  D. /norg.  Chem.  1970.  9,  31 1  (b)  An¬ 
derson.  L.  R.;  Fox,  W.  B.  Inorg.  Chem.  1970,  9.  1938. 

(19)  Roberts,  J.  E.;  Cady.  G.  H.  J.  Am.  Chem.  Soc.  1960,  82.  352  (a  small 
excess  of  S-O^Fj  was  used). 

(20)  Sekiya.  A..  DesManeau.  D  D  J  Org  Chem  1981.  46.  1277 
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by  pumping  on  the  sample  container  as  it  was  warmed  from  -196 
*C  to  the  ambient  temperature  gave  essentially  pure  SF]N(F)COF 
( 1 .4  mmol.  93%  yield)  in  the  -1 1 1  ‘C  trap.  The  material  was  freed 
of  minor  impurities  by  GLC. 

F'SF*4NF*C0F“;  bp  29  "C;  mp-130  to -129  'C;  mol  wt  207.05 
(caled),  203.4  (found);  log  P  (torr)  -  5.939  -  410.2/7-  156439.7/7^. 

«  6.60  keal/mol;  *  21.8  eu;  IR  1925  (sh.  w).  1875  (C— O. 

s).  1810  (sh.  w),  1250  (m).  1215  (m).  1070  (m).  1000  (m),  920  (s). 
855  (s).  745  (w).  715  (w),  685  (m).  605  (s).  540  (sh.  w);  MS  (Cl) 
major  m/r  (%)  209  (1.4).  208  (MH*.  100.0),  188  (MH*  -  HF,  5.8). 
142  (SF,NH*.  1 J).  127  (SF,*.  31.8).  105  (HNSFj*.  1.2).  89  (SFj*. 
15.4),  82  (4.5);  MS  (El)  major  m/r  (%)  129  (4.0).  127  (SFj*.  100.0), 
108  (SF/,  5.2).  91  (2.0).  89  (SF/.  55.4).  85  (11.4),  70  (SFj*.  10.9). 
69  (1.1).  51  (SF*.  5.7).  47  (43.2),  46  (3.7).  44  (42.7),  42  (2.2);  NMR 
A  i  58.4  or  57.7  (complex  overlaps  B),  B  62.0  (complex),  M  -6.1 
(d  quintets),  X  -38.7  (br  d)  (7^8  ^  ^^0  Hz,  >  14.0  Hz,  ^mx 

-  60.0  Hz). 

Prc|Mratioa  of  SF5N(F)COCF3.  Trifluoroacetyl  fluoride  (12.5 
mmol)  and  F4S~NF  (2.5  mmol)  were  condensed  into  a  flask  con¬ 
taining  fused,  powdered  KF  (1.36  g,  23.4  mmol),  and  the  mixture 
was  stirred  for  20  h  at  ca.  23  *C.  Fractionation  (-85  and  -196  *C, 
while  the  sample  container  was  wanned  from  -196  ‘C)  gave  essentially 
pure  SFsNfFjCOCFj  (1 J  mmoL,  52%  yield)  in  the  -85  “C  trap.  Some 
noncondensable  gas  was  formed  in  this  reaction.  The  product  was 
freed  of  minor  impurities  by  GLC. 

F'SF»4N(F»‘)C0CF*3:  bp  51  ‘C;  log  P  (torr)  -  6.490  -  724.4/7 

-  144  132.5/7^  -  7.39  kcal/mol;  -  22.8  eu;  IR  1790 

(s).  1750  (w,  sh),  1315  (m),  1240  (s).  1 190  (s),  1070  (s).  975  (w). 
920  (s).  875  (s),  850  (sh),  815  (m),  730  (w),  695  (s).  645  (w),  605 
(s),  585  (m).  525  (m)  cm";  NMR  A  i  58.0  (m),  B  61.5  (m).  M  -53.7 
(br  s),  X  -73.4  (d),  Uam  ««  1 50  Hz,  a  0.  y,M  *  ?.  Jmx  “  22 

Hz);  MS  (El)  major  m/z  (%)  141  (4.1).  127  (58.1,  SF,*),  96  (25.6), 
88  (47.7),  69  (100.0,  CFj*);  MS  (Cl)  major  m/r  (%)  258  (100.0, 
MH*),  162  (15.4.  SFjNHF*),  142  (22.4);  127  (87.2,  SF,*).  114 
(17.2),  88  (41.7),  69  (29.1,  CF,*). 

Prepamlioa  of  SFsNfFjOOCFjCFs.  Perfluoroproprionyl  fluoride 
(8.0  mmol)  and  F4S^NF  (1.9  mmol)  were  condensed  into  a  flask 
containing  fused,  powdered  KF  (1 .36  g,  23.4  mmol),  and  the  mixture 
was  stirred  for  ca.  7  h  at  ca.  23  ‘C.  Fractionation  (-78  and  -196 
*C,  while  the  sample  container  was  warmed  from  -196  *C)  gave 
CHentially  pure  SF5N(F)COCF2CF3  (0.72  mmol.  38%  yield)  in  the 
-78  *C  trap.  Some  noncondensable  gas  was  observed  in  this  reaction. 
The  product  was  freed  of  trace  impurities  by  GLC. 

The  use  of  only  a  fourfold  excess  of  CF3CF2COF,  relative  to 
F4S— NF,  led  to  low  yields  (8-10%)  of  the  product. 

F^SF»4NF*‘C0CF’'2CF'^3:  mp-60.4  to -59.8  'C;  IR  1775  (s), 
1485  (w).  1350  (m).  1330  (m),  1275  (s).  1225  (s).  1205  (s),  1170 
(s),  1120  (w).  1095  (m),  1020  (s),  925  (s).  870  (s),  830  (w).  785  (m). 
740  (m),  690  (s),  605  (s),  585  (s).  565  (m).  535  (m)  cm";  NMR  A 
i  57.8  (m),  B  63.7  (m),  M  -52.8  (br  s).  X  -1 19.6  (d-q),  Y  -82.3  (d-t) 
(As  »  150  Hz,  a«  1  Hz.  /mx  *  33  Hz,  Jmy  *  8  0  Hz);  MS 
(El)  major  m/e  (%)  147  (  29.1,  C2FjCO*),  141  (3.2.  SF5N*).  127 
(90.5,  SFj*),  119  (83.7),  108  (3.9),  100  (9.1).  89  (47.5,  SF3*).  85 
(1 1.6),  70  (12.2),  69  (100.0,  CF3*),  50  (1 1.6,  CF2*).  47  (19.5);  MS 
(Cl)  major  m/r  (%)  308  (82.7,  MH*).  290  (5.8).  250  (5.9),  182  (12.6), 
164  (14.0).  147  (19.5,  CjFjCO*),  142  (14.7,  SFjNH*),  127  (78.71. 
SFj*).  119  (14.3).  104  (8.1),  89  (100.0.  SF3*). 

PrcparaliaBaf  SF5N(I^(0)NSF2.  ((nuorocarbonyl)imido)sulfur 
difluo^e  (1.0  mmol)  and  F4S~*NF  (0.5  mmol)  were  condensed  into 
a  flask  containing  fused,  powdered  KF  (0  65  g.  1 1  mmol),  and  stirring 
was  begun.  At  the  end  of  each  of  four  successive  ca.  20-min  intervals, 
the  volatile  materials  were  fractionated  (-40  and  -195  *C).  allowing 
removal  of  some  of  the  product  (-40  *C  trap)  before  it  could  de- 
compote  completely.  The  materials  from  the  -195  ”C  trap  were  then 
returned  to  the  flask  for  further  reaction.  After  the  last  cycle,  a  total 
of  0.031 1  g  (0.1 14  mmol.  22%  yield)  of  produa  had  been  collected, 
the  -195  ‘C  trap  as  shown  by  IR  to  contain  F2S—NCOF  and 
SFjNfFICOF. 

F^F*.NF*C0NSF^2:  colorless  liquid  at  23  "C;  IR  1770  (s).  1435 
(w).  1345  (sh).  1315  (s).  1255  (w).  1190(w),  1185  (m).  1065  (w), 
1015  (m),  915  (s),  885  (m).  850  (s),  765  (s).  750  (sh),  725  (s),  705 
(sh),  605  (s),  555  (w),  485  (m)  cm"';  NMR  A  most  intense  peak  i 
62.1  (m.  partly  overlaps  B),  B  62.6  (m),  M  46.9  (br  s).  X  -37.5  (br 
s),  small  impurity  peaks  53.6  (s)  and  52.1  (s);  MS  (El)  major  m/r 
(%)  188  (3.0,  SF.NFCO*).  129  (2.3),  127  (50.6.  SF,*).  1 14  (4.8). 
1 12  (100.0.  FjSNCO*).  108  (2.3).  85  (12.7),  84  (4.4),  80  (2.0).  72 


(2.3) .  70  (50.6).  69  (9.0).  66  (2.5).  65  (12.2).  64  (20.1).  61  (2.5). 
51  (13.2);  MS  (Cl)  major  m/r  (%)  273  (100.0.  MH"”).  253  (3.4). 
188(2.2.SF,NFCO*).  162(9.2),  142(8.1).  132(5.9).  127  (8.1. SF,-”). 
1 14  (4.4),  1 13  (2.0).  1 12  (72.0,  FjSNCO*).  104  (3.0). 

Attempted  KF-Catalyzcd  Reactioas  of  F4S*«=NF  with  SF,N(F)COF 
and  with  CH3COF.  When  these  reactions  were  attempted,  under 
conditions  similar  to  those  just  described,  the  F4S— NF  was  destroyed 
and  the  acyl  fluorides  were  recovered  unchanged. 

KF-Catalyzcd  Self-Reaction  of  F4S*=*NF.  (Fluoroimido)tetra- 
fluorosulfur  ( 1 .5  mmol)  was  condensed  into  a  flask  containing  fused, 
powdered  KF  (5.57  g.  95.9  mmol),  and  the  KF  was  stirred  for  ~  20 
h  at  ~23  “C.  Fractionation  (-78,  -1 10.  -196  ®C)  of  the  volatile 
materials  gave  crude  (SFs)2NF  (0.17  mmol,  ~23%  conversion  of 
F4S— NF)  in  the  -78  ®C  trap.  The  other  traps  contained  mainly  SF4. 
SOF}.  SiF4.  and  SF^:  noncondensable  gas  was  also  formed. 

(SF5)2NF  was  purifled  by  GLC.  The  ’’F  NMR,  mass,  and  IR 
spectra  of  the  material  showed  good  agreement  with  those  reported 
in  ref  5. 

Preparation  of  SF5N(F)CF““NF.  Unless  purifled  by  GLC,  the 
F2C—NF  prepared  according  to  ref  20  usually  contains  CF3COF  as 
an  impurity.  This  appears  not  to  interfere  significantly,  since  F2C=NF 
seems  to  by  far  the  more  reactive  of  the  two  substances. 

Perfluoromethanimine  (1.6  mmol;  containing  some  CF3COF)  and 
F4S~NF  (1.7  mmol)  were  condensed  into  a  flask  containing  fused, 
powdered  KF,  and  the  mixture  was  stirred  for  135  min.  Fractionation 
(-1 1 1  and  -196  *C.  while  the  sample  container  was  warmed  from 
-196  ®C)  of  the  volatile  materials  gave  crude  (containing,  bv  IR.  some 
CF3COF)  SFjN(F)CF— NF  in  the  -1 1 1  "C  trap.  After  further 
purification  by  GLC,  0.83  mmol  (~50%  yield)  of  SF3N{F)CF*=NF 
was  obtained. 

In  another,  larger  scale,  GLC  purification  of  SF5N(F)CF=NF. 
a  very  minor  component  of  high  retention  time  was  noted.  Its  infrared 
and  mass  spectra  indicated  that  its  structure  was  [SFsN(F)]  [CF3N- 
(F))C— NF. 

F^F»4NF**CF*— NF**:  coloriess  glass,  flows  at -141  ‘C;  IR  1670 
(s,  C— N),  1300  (s),  1060  (w).  1010  (m),  980  (s).  915  (s).  870  (s). 
780  (m).  745  (w).  705  (w).  685  (m),  605  (s),  580  (m)  cm";  MS  (Cl) 
m/z  {%)  253  (2.0),  227  (4.5),  226  (1.4).  225  (MH*.  83.0),  207  (1.2). 
205  (MH*  -  HF.  9.9),  187  (1.2),  149  (2.4),  129  (4.5),  127  (SFj*. 
100.0),  111  (2.1),  107  (4.1),  99  (2.5),  91  (1.9),  89  (SF3*,  42.8),  87 
(1.8),  80  (1.03),  79  (40.4),  62  (5.1);  (El)  m/z  (%)  129  (4,4).  127 
(SF,*.  100.0),  108  (SF«*,  4.4),  97  (19.9),  89  vSF3\  71.9).  86  (1.1). 
85  (21.5).  83  (1.2),  70  (SF,*,  19.2),  69  (1.3),  64  (1 1.5),  59  (6.0). 
51  (7.4),  50  (4.0),  47  (1.6),  46  (3.7).  45  (4.4),  40  (3.4);  NMR  A 
complex  most  intense  peak  6  56.8,  B  complex  most  intense  peak  57.2. 
M  -30.6  (br  d),  N  -1 1.0  (br  s),  X  -70.2  (br  m)  (/^x  =  16  Hz,  other 
coupling  constants  not  readily  determined).  (SF5NF)(CF3NF)C“NF; 
yellowish  glass  at  -196  *C;  IR  1670  (w.  C—N),  1600  (w),  1490  (w), 
1295  (s.  sh).  1250  (s),  1 195  (s).  1125  (m),  1020  (m).  975  (m.  sh), 
920  (s).  875  (m),  845  (m).  800  (w).  780  (m),  695  (m),  605  (m).  575 
(m),  cm";  MS  (Cl)  m/z  (%)  308  (MH*.  9.1),  288  (MH*  -  HF.  3.4), 
247  (1.4),  225  (MH*-CF3N.  9.0),  210  (10.0),  208  (1.1),  192  (4.8). 
162(2.6),  152(1.7),  151  (1.0),  149  (MH^-SFjN,  21.7),  147  (3.6), 
144  (1.0),  143  (7.5).  142  (SFjNH*.  14.5).  135  (1.5).  129  (4.9),  127 
(SF5*,  53.9),  124  (3.1),  122  (SF^N®,  15.6),  114  (1.0),  109  (1.7).  107 

(1.3) .  105  (1.3).  104(4.5),  103  (1.1).  102(1.3),  101  (6.4),  99  (1.5). 
89  (SF3*.  65.7),  87  (4.0),  85  (3.1).  84  (4.8),  79  (6.6).  74  (2.1).  70 
(1.7),  69  (CF3\  IOO.O),  67  (8.9),  66  (3.1).  65  (5.2),  62  (3.3);  MS 
(El)  m/z  (%)  149  (1.4),  137  (1.1).  135  (4.0).  129  (2.7).  127  (SF,*. 
62.2),  119(2.4),  114  (2.4),  108  (SF,*.  1.9),  100  (3.4).  97  (1.1), '92 

(1.1) ,  91  (1.5),  89  (SFj*,  35.7),  87  (4.0),  86  (1.0),  85  (25.6).  83  (17.1), 
76  (1.1),  70  (SFj*.  13.5),  69  (CFj*,  100.0).  67  (4.2),  66  (3.4),  65 

(1.2) ,  64  (8.4),  59  (4.1),  54  (2.6),  51  (5.7),  50  (CFj*.  21.9).  48  (6.5), 
47  (17.6).  46  (4.2).  45  (2.7),  44  (3.5),  43  (2.0).  40  (1.4). 

Preparation  of  F5SN— NCF3.  Perfluoromethanimine  ( 1 .4  mmol) 
and  FiS>»NF  (1.4  mriKd)  were  condensed  into  a  flask  containing  fused, 
powdered  CsF  (3.20  g.  21.0  mmol),  and  the  CsF  was  stirred  at  ca. 
23  'C  for  45  min.  Trap-to-trap  fractionation  (-1 19.  -196  ®C)  of  the 
volatile  materials  gave  FsSN—NCFj  (1.0  mmol,  71%  yield)  in  the 
-1 19  ®C  trap.  The  material  was  freed  of  minor  impurities  by  GLC. 

F*SF*4N»“NCF*j:  very  pale  vellow  liquid,  bp  1 6  ®C;  mp  -1 24.3 
to  -1 23.8  ‘C;  mol  wt  224.06  (calcd)  221  (found);  log  P  (torr)  =  8.112 
-  1 534.0/ r-t-  5874.5/7^;  =  6.83  kcal/mol;  AS„p  =  23.6  eu; 

IR  1600  (m.  -N— N-),  1245  (s),  1 190  (s).  1 160  (sh).  890  (s),  875 
(w),  825  (w),  785  (w),  610  (m),  580  (m).  565  (sh)  cm";  MS  (Cl) 
m/z  (%)  225  (MH*.  7,2).  127  (SF,*.  2.4).  104  (HNSFj*,  5.0).  91 


Some  Reactions  of  (Fiuoroimido)tetrafluorosulfur 

(1.9).  89  (SFj*.  41.5),  77  (1.4),  70  (SFj*.  2.7).  69  (CFj*.  100.0), 
67  (5.3);  MS  (El)  m/z  (%)  127  (SF,*.  17.3),  108  (SF,*.  2.0),  91 
(1.6).  89  (SFj\  38.4),  86  (1.1),  70  (SF2MI.7),  69  (CF3*,  100.0), 
64  (1.0),  51  (6.6),  50  (CFj*.  25.5),  48  (1.1),  47  (2.2),  46  (2.9).  44 
(4.8);  NMR  A  &  56.0  (m),  B  38.5  (m).  X  -71.6  (s)  cx  150  Hz). 

Iiowwiiatiw  «f  aF,N<F)CF— NF.  Exposure  of  SF,N(F)CF— NF 
(0.31  mmol)  to  stirred,  fused,  powdered  CsF  (0.67  g,  4.4  mmol)  for 
25  min  yielded  FjSN—NCFj  quantitatively. 

A  sindlar  experiment  with  fus^  powdered  RbF  (0.42  g,  4.0  mmol) 
and  SF)N(F)CF'— NF  (0.46  mmol)  for  ca.  19  h.  with  peiiodic  checking 
by  IR,  produced  only  a  small  amount  of  isomerization,  with  FsS- 
N~NCF)  being  the  only  observable  product. 

Prepnrstioa  of  SFsNBrF  and  SFjNCIF.  (Fluoroimido)tetra- 
fluorosulfur  (0.50  mmol)  and  bromine  (0.50  mmol)  were  condensed 
into  a  flask  conuining  fused,  powdered  KF  (5.6  g,  96  mmol),  and 
the  KF  was  stirred  for  ~3  h  at  ~2S  *C.  Fractionation  of  the  volatile 
materials  through  -85,  -126,  and  -196  *C  traps  gave  SFsNBrF, 
somewhat  contaminated  with  Brj,  in  the  -85  **C  trap,  with  the  a 
smaller  amount  being  collected  at  -126  *C.  Some  noncondensable 
gas  was  formed,  and  no  F4S~NF  remained.  The  crude  yield  of 
SF,NBrF  was  80%. 

In  a  similar  manner,  SF5NCIF’  was  prepared,  in  48%  yield,  from 
F4S— NF,  Clj,  and  KF. 

It  was  found  that  the  Brj  could  be  removed  from  the  product  by 
brief  exposure  to  an  excess  of  ethylene,  followed  by  fractionation  (-50, 
-85,  -196  *C  traps).  1,2-Dibromoethane  was  collected  at  -50  “C, 
while  SFsNBrF  was  collected  at  -85  ‘C. 

F^F'iNBrF*;  mol  wt  239.96  (calcd).  236  (found);  IR  920  (vs), 
860  (s).  780  (w),  725  (m),  690  (m).  600  (s),  580  (sh);  NMR  A  i  514 
(m),  B  47.1  (m),  X  46.1  (br  s)  (i^s  *  coupling  constants 

not  readily  determined). 

Rcacte  of  F^S>~NF  with  OOSOiF.  Chlorifie(I)  fluorasulfate  ( 1 .6 
mntMl)  was  transferred  through  a  short  glass  connection,  and  under 
static  vacuum,  to  an  FEP  tube  (ca.  20-mL  volume)  equipped  with 
a  suinless  steel  valve  and  held  at  -196  *C.  (Fluoroimido)tetra- 
flucHOSulfur  (1.7  mmol)  was  then  condensed  into  the  reactor  (in  some 
places  on  the  walls  of  the  vessel,  a  brief  flash  of  brown-red  color  was 
teen).  The  reactor  was  then  placed  in  a  -30  *C  bath.  The  reaction 
mixture  was  held  at  -30  *C  for  10  min  and  then  warmed  to  room 
temperature.  Trap-to-trap  fractionation  (-40,  -196  *C)  of  the  re¬ 
sulting  light  yellow  liquid  gave  0.35  mmol  of  colorless  liquid,  which 
was  shown  by  NMR  (see  Results  and  Discussion)  to  consist  of  a 
65:15:20  mixture  of  cis-SF4(OSO}F)FCi,  cij-SF4(0S02F)],  and 
fra«-SF4(OSC)iF)j.  af-SF4(OSOjnNFCl  appeared  to  be  thermally 
unstable  near  24  •C,  decomposing  with  moderate  rapidity,  with 
concomitant  formation  of  a  yellow  gas,  presumably  Cl]. 

PreparathM  of  cxf-SF4(OSO)F)NFBr.  Bromine(I)  fluorosulfate 
(0.6  mmol)  was  transferred  through  a  short  glass  connection,  under 
static  vacuum,  to  a  ca.  1 20-mL  glass  reactor  held  at  -196  *C.  All 
parts  of  the  system  were  treated  with  the  equilibrium  vapor  of  BrO- 
SO]F  before  the  transfer  was  made.  The  transferred  BrOSOjF  was 
then  allowed  to  melt  and  distributed  as  a  thin  film  in  the  flask.  The 
film  was  then  frozen  at  -196  ‘C,  and  F4S“NF  (0.6  mmol)  was 
condensed  into  the  flask.  The  flask  was  then  placed  in  an  ethanol 
bath  in  a  Dewar  flask,  at  -100  *C,  and  left  to  gradually  warm.  The 
contents  of  the  flask  showed  marked  discoloration  by  the  time  the 
temperature  reached  -90  *C.  After  6.5  h.  the  temperature  had  reached 
-45  *C,  and  the  flask  contents  had  become  dark  brown-violet,  for 
the  most  part.  Further  warming,  in  the  air,  caused  disappearance 
of  this  color.  The  colorless  liquid  that  formed  began  to  decompose 
fairly  rapidly  at  room  temperature,  with  concomiunt  formation  of 
a  Invwn-orange  vapor  (presumably  Brj).  Trap-to-trap  fraaionation 
(-30,  -196  *0  gave  a  colorless  liquid  in  the  -30  "C  trap.  This 
material  released  Brj  when  handled  in  the  vacuum  system  and  ap¬ 
peared  to  have  an  equilibrium  vapor  pressure  of  ca.  5  torr.  An  NMR 
sample  was  prepared  by  transfer  of  the  material,  under  static  vacuum, 
through  a  short  glass  connection,  to  an  NMR  tube  maintained  at  -196 
•C.  The  sample  was  then  warmed  to  ca.  -30  "C,  and  volatile  im¬ 
purities  were  pumped  away  over  30  min.  Fluorotrichloromethane  was 
then  added  at  -196  ‘C.  See  Results  and  Discussion  for  details  of 
the  NMR  spectrum. 

Prcparaiioti  of  c«s-SF4(OSOjF)NF(OSOjF).  Peroxydisulfuryl 
difluoride  ( 1 .0  mmol)  and  F4S“NF  ( 1 .0  mmol)  were  condensed  into 
a  ca.  1 20-mL  Pyrex  flask  equipped  with  a  glass-Teflon  valve  and  held 
at  -196  "C.  The  flask  was  then  left  to  warm  in  the  air  (--23  *0) 
(Cauuoir  More  rapid  warming,  with  use  of  a  water  bath,  once  resulted 
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in  a  minor  explosion.)  The  reaction  mixture  was  then  left  at  —23 
“C  for  1.5  h.  Fractionation  (-40,  -80,  -196  °C)  gave  0.24  g  (0.71 
mmol,  71%  yield)  of  ew-SF4(<3S02F)NF(OS02F)  in  the  -40  “C  trap. 
Some  noncondensable  gas  was  present,  and  a  small  amount  of  FS- 
OjOOSOjF  collected  in  the  -80  ®C  trap.  The  -1 96  ®C  trap  contained 
(by  IR)  mostly  (FSO])]©.  Some  FSOjOOSOjF  and  SiF4  were  also 
present. 

«r-SF4(OSOjF)NF(OSOjF):  colorless  glass  at  -196  ®C;  equi¬ 
librium  vapor  pressure  at  23  ®C  6  torr;  IR  1490  (s,  OSO-iF),  1250 
(s.  OSOjF),  1025  (w),  990  (m),  925  (s),  890  (s),  870  (s)‘,  810  (s), 
745  (w).  695  (m),  680  (m).  650  (w),  615  (sh.  w).  580  (s),  550  (s). 
455  (w).  See  Results  and  Discussion  for  details  of  the  NMR  spectrum. 

Results  and  Discussion 

Fluoride-Catalyzed  Reactions  of  F4S=NF  with  Acyl 
Fluorides.  The  reactions  of  certain  acyl  fluorides  with  F4S= 
NF  in  the  presence  of  KF  lead  to  acylated  amidopenta- 
fluorosulfur  derivatives,  SF5N(F)COR.  The  formation  of 
these  products  is  best  explained  by  invoking  the  ion  SF5NP, 
formed  from  F4S=NF  and  F^,  as  an  intermediate.  Acylation 
of  this  ion  would  lead  to  the  observed  products.  These  pro¬ 
cesses  are  illustrated  in  eq  1  and  2.  The  yield  of  acylated 

F4S-=NF  +  P  ^  F5S— NP  ( 1 ) 

1 

F5S— NP  -I-  RCOF  —  FiS— N(F)COR  +  P  (2) 

product  is  markedly  dependent  on  the  nature  of  the  R  group. 
Increasing  the  size  of  R  or  decreasing  its  electronegativity  1^ 
to  drastic  decreases  in  the  yields  of  products.  Thus,  a  yield 
of  ~90%  was  obtained  for  R  =  F;  changing  R  to  CF3  or 
CF]CF2,  under  similar  conditions,  led  to  yields  of  acylated 
producu  of  53%  and  8%,  respectively.  (The  yield  of  SF5N- 
(FlCOCFjCFj  could  be  increased,  however,  by  using  a  large 
excess  of  CFjCFjCOF.)  No  acylated  product  was  obtained 
when  R  was  CH]  or  SF5NF.  Also,  since  F4S=NF  readily 
decomposes  in  the  presence  of  active  KF,  there  is,  in  all  of  these 
reaaions,  a  competition  between  destruction  of  F4S=NF  and 
acylation  of  the  anion  derived  from  it,  leading  to  low  yields 
of  acylated  products  when  the  less  reactive  acyl  fluorides  are 
used. 

In  the  case  where  R  =  F2S=NCO,  a  third  process  was 
found  to  be  operating,  namely,  catalytic  destruction  of  the 
acylated  product  by  KF.  This  process  is  illustrated  in  reaction 
3.  The  acyl  fluoride  FjS^NCOF  is  known  to  decompose  in 

f  f 

FcS-li^K-S:'  - -  FeS-N  .F  -  HIS  (3) 

C'-'  ^F  'C  -  - 

2 

an  analogous  manner  in  the  presence  of  CsF,'^  so  the  observed 
destruction  of  SFsNfFlCONSF-  by  active  KF  is  not  partic¬ 
ularly  surprising.  A  22%  yield  of  2  was  obtained  by  frac¬ 
tionation  of  the  reaction  mixture  at  short  intervals;  this  pro¬ 
cedure  removed  a  substantial  amount  of  2  before  it  could  reaa 
further. 

The  pentafluoro(nuoroamido)sulfur  compounds  are  all 
stable,  volatile,  colorless  liquids  at  room  temperature.  They 
were  characterized  by  their  mass,  infrared,  and  ”F  NMR 
spectra  and  by  their  physical  properties. 

Oxidation  of  SFjNP  by  Brj  and  Q],  The  ion  SF5NP, 
generated  from  F4S^NF  and  KF,  was  found  to  react  readily 
with  Brj  or  Cl],  forming  respectively  SF.NBrF  (4)  and 
SFiNClF  (5)  as  illustrated  in  eq  4.  This  behavior  is  analogous 


-.5 - F.:  K-  -  Xj  -  -  K>.  (4) 


X  =  Br  (4t.  Cl  (5) 
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to  that  reported  for  the  ion  CF3NP.‘®  Compound  S  has  been 
reported  previously,^  but  this  constitutes  the  first  synthesis  of 
SFjNBrF. 

Compound  4  is  a  pale  greenish  yellow  liquid  that  is  only 
moderately  stable  at  room  temperature.  It  can  be  handled  in 
a  glass  vacuum  system  for  short  periods,  but  it  appears  to  be 
photosensitive,  decomposing  upon  extensive  handling,  with 
release  of  Br2,  as  evidenced  by  the  color  that  develops. 

Flw>ride>Catafyzed  Rcactioas  of  F^S^NF  with  FjC^^NF. 
Perfluoromethanimine  was  found  to  undergo  a  facile  reaction 
with  SF5NP  (generated  from  F4S>“NF  and  KF),  leading  to 
compound  6.  Compound  6,  a  stable,  colorless  liquid,  was 


characterized  by  its  IR,  ’’F  NMR,  and  mass  speara.  In 
addition  to  6,  a  very  small  amount  of  a  heavier  product  was 
isolated.  Infrared  and  mass  spectral  evidence  suggested  that 
its  structure  is  7,  but  further  charaaerization  was  precluded 


F 


7 


by  the  small  amount  of  material.  An  ion  at  m/z  308  (2.1%), 
corresponding  to  was  observed  in  the  chemical  ionization 
mass  spectrum,  with  no  heavier  ions  of  significant  intensity 
being  deteaed.  Ions  of  high  relative  abundance  were  also 
deteaed  at  m/z  127  (SF,*.  53.9%)  and  69  (CF^,  100.0%). 
T>'f  infrared  spectrum  of  the  material,  in  addition  to  major 
absorptions  attribuuble  to  C-F  stretching  vibrations  and 
S(VI)-F  vibrations,  contained  a  band  at  1670  cm*'  attributable 
to  a  C— 'N  stretch.  Compound  7  could  arise  by  nucleophilic 
atuck  of  CF3NP  (from  FjC““NF  +  P)  on  the  primary 
product  6.  The  lack  of  reactivity  of  6  with  SF3NP  is  not 
unexpected,  since  the  struaurally  similar  SF3N(nCOF  was 
also  unreactive.  Presumably  the  smaller  CF3NP  is,  for  steric 
reasons,  better  able  to  atuck  6.  An  alternative  explanation 
for  the  formation  of  7  is  attack  by  SF3NP  on  (CF3NF)F- 
C>“NF  (8)  (see  below). 

It  was  interesting  to  find  that  no  important  competing  re¬ 
actions  occurred  in  this  system.  For  instance,  self-reaction  of 
FjC“NF  over  active  KF  leads  smoothly  to  the  formation  of 
a  dimer,’®  as  illustrated  in  eq  6  and  7.  Ttoe  was  no  indication 


P 


(6) 


CFNf  -  FC=NF 
}  2 


that  this  process  was  occurring  efficiently,  even  though 
CF3NP  must  have  been  present.  The  results  of  the  experiment 
may  be  rationalized  in  either  of  two  ways:  (1)  SF5NP  is.  in 
the  absence  of  overriding  steric  factors,  a  much  more  reaaive 
nucleophile  than  CF3NP,  being  rapidly  trapped  by  either 
FjC— NF  (leading  to  6)  or  (CF3NF)FC— NF  (8)  (leading  to 
7);  (2)  F4S— NF  is  more  reactive  than  is  F;C*-NF.  thus 
favoring  formation  of  SF5NP  over  CF3NP.  Other  reactions 
that  were  possible,  but  not  observed,  were  fluoride-promoted 
destruction  of  F4S=NF  and  displacements  bv  CF3NP  on 
F^S-^NF 


In  surprising  contrast  to  the  behavior  noted  for  the  reaaion 
of  F4S=NF  with  FjC^NF  in  the  presence  of  active  KF,  it 
was  found  that  the  same  reaction  in  the  presence  of  aaive  CsF 
led,  not  to  compound  6,  but  to  the  unusual  azo  compound  9. 
We  propose  the  mechanism  outlined  in  Scheme  I  to  explain 
the  formation  of  9.  The  initial  step  is  essentially  identical  with 
that  observed  for  the  case  where  KF  was  used  as  the  caulyst: 
displacement  of  P  from  FjC^NF  by  SF5NP,  forming  6. 
The  more  active  CsF  is  able  to  further  isomerize  6  to  dia- 
ziridine  10.  This  postulate  is  supported  by  the  fact  that  the 
analogous  compound  from  the  dimerization  of  FjC^NF,  8, 
is  readily  isomerized  by  aaive  CsF  to  the  corresponding  dia- 
ziridine,  which  in  turn  could  be  quantitatively  isomerized  to 
CFsN—NCF}  with  Fc,  Cr,  or  Ni  metal.  In  the  case  described 
here,  however,  it  appears  that  diaziridine  10  is  unstable  to 
further  rearrangement,  suffering  ring  opening  followed  by  loss 
of  P,  yielding  azo  compound  9. 

Strong  support  for  the  intermediacy  of  6  in  the  formation 
of  9  was  obtained  in  a  separate  experiment.  Exposure  of  a 
sample  of  6  to  active  CsF  resulted  in  quantitative  rearrange¬ 
ment  of  6  to  9.  An  attempt  at  formation  of  the  postulated 
intermediate  10,  by  use  of  the  less  active  RbF,  led  only  to  slow 
formation  of  9. 

We  believe  compound  9  to  be  the  first  example  of  an  azo- 
pentafluorosulfur  species.  It  is  a  stable,  volatile  (extrapolated 
bp  16  'C),  very  pale  yellow  liquid  that  shows  no  tendency  to 
degrade  under  the  conditions  of  its  synthesis.  The  '*F  NMR 
spectrum  suppoits  an  all-trans  structure  for  9:  a  typical 
second-order  pattern  indicative  of  an  SF5  group  is  seen,  with 
a  slightly  broadened  (possibly  due  to  the  quadrupolar  '*N) 
singlet  seen  for  the  CF3  group.  If  the  configuration  of  9  was 
cis,  one  might  expect  a  more  complex  spearum.  due  to 
through-space  interaaion  of  the  SF3  and  CF3  groups. 

AdditioB  of  XOSOjF  (X  =  Cl,  Br,  OSOjF)  to  F4S=NF. 
(Fluoroimido)tetrafluorosulfur  reaaed  readily  with  CIOSO^F 
and  BrOSOjF  at  low  temperatures,  and  with  FSOjOOSOjF 
at  higher  temperature,  to  form  the  unusual  octahedral  sulfur 
compounds  cjj-SF4(0S02F)NFX.  (One  other  addition  of  this 
type,  that  of  CIF  to  (CF3)F3S“NCF3,  to  give  the  cis  addua. 
has  been  reported  by  other  workers.®*)  In  the  cases  where 
CIOSO2F  or  BrOS02F  were  used,  transient  color  changes  were 
noted  when  the  reactants  were  mixed,  indicating  the  possible 
intermediacy  of  polar  species  such  as  11  or  12.  The  inter- 

X0S02F^SF4NP-  F4S— NXF^FSOj- 
11  12 

X  =  Br.  Cl 

mediate  formed  in  the  CIOSO2F  case  was  very  short-lived, 
being  deteaed  only  by  a  brief  flash  of  red  color  as  the  reactants 
mixed  at  low  temperature.  In  contrast,  the  dark  brown-violet 
species  derived  from  the  initial  interaction  of  BrOS02F  and 


Some  Reactions  of  (Fluoroimido)tetranuorosulfur 
Scheme  11 
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Fifure  1.  Generalized  structure  of  one  enantiomer  of  the  addition 
products  derived  from  F4S“NF  (X  *  Cl,  Br.  OSOjF). 
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F4S“NF  appeared  to  be  stable  indefinitely  at  -45  ®C. 
Further  warming  caused  the  color  to  fade,  with  concomitant 
formaticm  of  colorless  ci5>SF4(0S02F)NBrF  (13). 

While  cu-SF4(OSO]F)NBrF  was  the  only  major  heavy 
product  formed  in  the  reaction  of  BrOSOjF  with  F4S^NF 
(eq  8),  an  analogous  situation  was  not  seen  for  the  reaction 


F,S-=*IF  ♦  X0S0,F  ■ 


'(i4),rsc  F 117) 


of  ClOSOjF  with  F4S— NF.  In  this  case,  ci5-SF4(0S02F)- 
NCIF  (14).  cm.SF4(OSOjF)j  (15).  and  t»>a«-SF4(0S02F)j 
(14)  were  obuined,  in  a  molar  ratio  of  64:15:21  (eq  9).  This 


r 

«iOfo,F, 

*  >■  — 


is  apparently  the  first  observation  of  rrans-SF4(OS02F)] 
(identified  by  NMR),  though  the  cis  isomer  has  long  ^n 
known.  The  reason  for  the  formation  of  these  products  in  this 
case  may  lie  in  the  apparent  greater  exothermicity  of  the 
reaction,  compared  to  t^t  of  the  Br0S02F  and  FSOjOOSOjF 
reactions.  Local  heating  could  cause  breakage  of  the  S-N 
and/or  N-Cl  bonds  of  cij-SF4(0S02F)NFCl,  leading  even¬ 
tually  to  the  observed  producu. 

Cmpound  14  and  especially  compound  13  were  thermally 
unstable  at  room  temperature,  decomposing  with  release  of 
CI2  and  Br2.  respectively.  Thus,  characterizations  of  13  and 
14,  as  well  as  of  cis-  and  rra/u-SF4(0S02F)2  (both  admixed 
with  14),  were  done  by  '*F  NMR.  as  describi^  later. 

Peroxydisulfuryl  diHuoride  reaaed  (eq  8)  smoothly  with 
F4S“NF.  upon  gradual  warming,  to  afford  cir-SF4- 
(0S02F)N(F)0S02F  (17)  in  7l5t  yield.  Unlike  its  halo- 
genat^  analogues,  17  is  thermally  suble  at  23  ®C.  It  is  a 
colorless  liquid  having  an  equilibrium  vapor  pressure  of  ca. 
6  torr  at  23  *C.  It  was  characterized  primarily  by  its  infrared 
and  '*F  NMR  spectra.  Neitb'tr  chemical  ionization  nor 
electron  impact  mass  spectra  showed  a  molecular  ion.  This 


result  is  not  surprising,  as  we  have  found  this  to  be  a  general 
characteristic  of  covalent  fluorosulfates. 

The  reaction  of  F4S»NF  with  the  nonpolar  but  intensely 
reactive  FSO2OOSO2F  could  proceed  by  a  concerted  addition 
of  the  peroxide  to  the  double  bond  of  F4S=NF.  by  way  of  a 
radical  ion  or  by  a  stepwise  radical  addition,  as  illustrated  in 
Scheme  11.  The  concerted  process  seems  most  likely,  since 
the  reaction  is  slower  than  the  analogous  reactions  involving 
Br0S02F  and  CIOSO2F  (both  polar  molecular),  and  one 
would  expect  production  of  a  mixture  of  cis-  and  rra/is-SF4- 
(0S02F)N(F)0S02F  if  the  product  were  formed  by  way  of 
cation  19  or  radical  20. 

**F  NMR  Spectra  of  cif-SF4(0S02F)NFX  (X  =  Q.  Br. 
OSO2F).  The  compounds  13, 14,  and  17  have  complex  and 
highly  characteristic  '*F  NMR  spectra,  which  establish  the 
configurations  of  13,  14,  and  17  to  be  exclusively  cis.  In 
addition,  the  chemical  shifts  of  fluorines  A  and  A'  (Figure  1 ) 
were  found,  for  all  three  compounds,  to  be  different.  This 
difference  is  attributable  to  the  influence  of  the  neighboring 
chiral  NFX  group.  Since  N-fluoroamines  are  known  to  have 
high  barriers  to  inversion,  one  would  expea  the  NFX  group 
to  mainuin  iu  configuration,  under  the  conditions  of  the 
measurements,  thus  providing  a  different  magnetic  environ¬ 
ment  for  each  of  the  fluorines  A  and  A'. 

The  spectrum  of  14  proved  to  be  the  most  amenable  to 
interpreution,  even  though  it  conuined,  in  addition  to  the 
absorptions  of  14.  those  due  to  cis-  (15)  and  trans-SFf 
(OSOjW)2  (14).  Inspection  of  expanded  segments  of  this 
spectrum  (Figure  2)  clearly  shows  the  presence  of  the  three 
major  components  (14, 15,  and  14).  The  absorptions  due  to 
r/’onr-SF4(OS02F)2  are  straightforward:  a  simple  triplet 
(Figure  2a)  due  to  the  SF4  group  and  a  simple  quintet  (Figure 
2d)  due  to  the  two  OSO2F  groups,  with  VpF  =  7  Hz.  The 
spectrum  of  cu-SF4(0S02F)2  (Figure  2a.b.d)  is  more  complex 
but  is  very  similar  to  the  ^MHz  spectrum  of  that  compound 
reported  in  ref  1  In. 

Assignments  of  the  resonances  of  rij-SF4(0S02F)NFCl 
were,  despite  the  complexity  of  their  fine  structure,  fairly 
straightforward.  The  integrated  intensities  allowed  assignment 
of  the  central  complex  multipleu  (Figure  2c)  to  fluorines  A 
and  A',  although  an  actual  distinction  baween  the  two  cannot 
be  made.  The  fluorosulfate  multiplets  occurred  at  values 
characteristic  of  that  group  (Figure  2d).  The  N-F  absorption 
was  distinguished  by  its  broadness  (due  to  quadrupolar  effects 
of  '*N).  The  absorptions  due  to  fluorines  B  and  C  were 
differentiated  on  the  basis  of  two  considerations.  First,  one 
would  expea  the  fluorine  B.  cis  to  a  fluorosulfate  and  three 
fluorines  octabedrally  coordinated  to  sulfur,  to  have  a  chemical 
shift  in  the  same  region  as  that  of  the  similarly  situated 
fluorines  in  ai-SF4(0S02F)2.  This  allows  tentative  assignment 
of  the  furthest  downfield  ‘quartet'  to  fluorine  B.  In  addition, 
it  was  found  that  the  chemical  shifts  of  certain  of  the  fluorines 
in  this  compound  were  markedly  temperature  dependent  (this 
effea  was  even  more  pronounced  for  13  and  17).  The  furthest 
upfleld  ‘quartet'  is  shifted  downfield,  and  the  multiplets  due 
to  fluorines  A  and  A'  are  shifted  upfleld.  when  the  temperature 
is  lowered.  The  far-downfield  ‘quartet'  is.  in  each  case,  only 
slightly  affeaed.  We  assume  that  these  effeas  are  linked  in 
some  way  to  rotation  of  the  NFCI  group.  If  this  is  the  case. 
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Figure  2.  ’’F  NMR  (94.1  MHz)  spectrum  of  a  mixture  of  cis- 
SF4(OSO;F)j.  frons-SF4(OS03F)2,  and  o4-SF4(OSO;F)NFCl;  (a) 
m-SF4(C)SO:F);  and  irans-Sf 4(0802^)1  (+)  at  -21  ®C  and  500-Hz 
sweep  width:  (b)  a>SF4(C^O-.n-..  F*  of  «j-SF4(OSOiF)NCIF  (B), 
and  F”  of  m-SF4(OSO;nNdF  (M)  at  -70  ‘C  and  lOOO-Hz  sweep 
width,  (c)  F*  and  F*  of  m-SF4(OSO;F)NClF  (A,  A')  at  -70  ®C 
and  500-Hz  sweep  width;  (d)  or-SF4(OSOiF)j.  fro/tj-SF4(OSOiF)i, 
F<^  of  m-SF4(0S03F)NClF  (C),  and  F’*  of  «>SF4(OSO:F)NCIF 
(X)  at  -70  ®C  and  !(XX)-Hz  sweep  width  (right),  with  a  250-Hz  sweep 
width  expansion  of  multiplei  at  6  46.7  (left) 


Figure  3.  '*F  NMR  (94.1  MHz)  spectrum  of  cis-SF4(0S02F)NBrF 
at  -51  ®C  and  5000-Hz  sweep  width. 


Figure  4.  '*F  NMR  (94.1  MHz)  spectrum  of  ew-SF4(OSOjF)NF- 
(OSOjF)  at  30  ®C  and  2500-Hz  sweep  width. 


one  would  expect  the  fluorines  cis  to  the  NFC)  group  to  be 
the  ones  most  affected,  while  the  trans  fluorine  should  be  the 
least  affected.  This  consideration  allows  assignment  of  the 
upfield  “quartet”  to  fluorine  C  and  also  supports  the  earlier 
assignment  of  the  downfield  “quartet”  to  Buorine  B. 

The  spectra  of  13  and  17  were  interpreted  in  an  analogous 
manner.  The  spectra  and  details  of  the  interpretations  are 
shown  in  Figures  3  and  4. 

Attempts  at  computer  simulation  of  the  NMR  spectrum  of 
14  were  only  partly  successful,  with  good  agreement  between 
all  parts  of  the  experimental  and  simulated  speara  not  being 
obtained.  The  appearance  of  the  simulated  spectra  did  support, 
however,  the  assignment  of  a  7.5-Hz  coupling  between  the 
trans  fluorines  A  and  A'  in  compound  14.  Attempts  at  sim¬ 
ulation  of  the  spectra  of  13  and  17  were  not  made,  due  to  the 
difficulty  of  assigning  the  ouen  badly  overlapped  lines. 

Scif-Rcactioii  of  FfS^NF  under  P -Catalytic  and  Photolytic 
Conditions.  One  might  suppose  that  F4S°=NF  could  be  in¬ 
duced  to  form  a  linear  dimer,  SF5NF(F3)S=NF,  by  analogy 
with  the  previously  mentioned  fluoride-induced  dimerization 
of  FjCw^NF  (eq  6  and  7).  This  expectation,  however,  was  not 
realized.  Instead,  F4S=NF,  when  allowed  to  interact  with 
active  KF,  was  destroyed  fairly  rapidly,  with  concomitant 
formation  of  N2,  SF4,  and  SF«.  In  some  runs,  small  quantities 
of  a  heavier  material  were  obtained.  Analysis  of  this  substance 
showed  it  to  be  not  the  expeaed  dimer  but,  rather,  the  unusual 
amine  (SFsl^NF  (21),  one  of  the  few  known  examples’  of  the 
small  class  of  geminal  bis(pentafluorasulfur)  compounds,  some 
others  being  (SFsIjCFj.'"^'  (SFjljNSCFj,’  (SFjljNCl,’ 
(SFsIjN'.’  and  (SF,),©.^^  The  structure  of  (SFsljNF  was 
confirmed  by  comparison  of  its  spearal  properties  with  those 


(211  Shimp.  L  A..  Lago*.  R  J  Inorg.  Chem  1977.  16.  2974. 

(22)  (a)  Roberts.  H  L  J  Chem  Soc  I960.  2774  (b)  Oberhammer.  H.. 
Seppeli.  K  inorg  Chem  1978.  17.  1435 
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recently  reported  for  it  by  others.’  who  obtained  it  by  the 
reaction  of  Cs*(SF5)2N'  with  F2. 

The  mechanism  for  the  formation  of  21  is  clearly  complex 
and  may  well  be  due  to  the  formation  of  an  intermediate  anion, 
SF5NFSF4NP,  in  analogy  to  the  formation  of  CFjNFCFiNF" 
from  F2C““NF  and  P : 

r  F^NF 

F4S-'  MF  —  1  -  21  +  other  products 

In  contrast  its  chlorinated  analogue,  F4S“NC1,“  which 
sponuneously  dimerizes  to  a  cyclic  four-membered  ring  com¬ 
pound,  (F4SNC1)2,*“’  F4S=NF  shows  no  tendency  to  form 
such  a  dimer,  even  when  heated.  In  another  attempt  to  induce 


(23)  SF4~NQ  Iuu  never  beoi  isolated,  but  it  is  assumed  to  be  the  precursor 
to  tile  cyclic  dimer.”* 


dimerization,  photolysis  of  F4S=NF  was  tried.  After  1  h  of 
ultraviolet  irradiation  through  Pyrex  glass,  F4S=NF  was 
recovered  unchanged.  Irradiation  through  quartz  resulted  in 
partial  decomposition  of  F4S=NF.  with  production  of  products 
similar  to  those  found  after  its  decomposition  in  the  presence 
of  KF.  These  included  SF4.  SF^,  N2,  and.  interestingly, 
(SF5)2NF  (21).  In  this  case,  the  formation  of  21  may  proce^ 
by  a  mechanism  similar  in  many  respects  to  that  proposed  by 
others’*"'-^^  for  the  formation  of  F4S=NSF<  from  Fi  and 
NSFj. 
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NOVEL  AMMONIUM  HEXAFLOOROARSENATE  SALTS  FROM  REACTION  OF  (CF^)^NH, 
CF^N(OCF^)H,  CF^N[OCF(CF^) ^]H,  CF^NHF  AND  SF^NHF  WITH  THE  STRONG 
ACID  HF/AsF^. 

DARRYL  D.  DESMARTEAU,  WILLIAM  Y.  LAM,  BRIAN  A.  O'BRIEN  AND  SHl-CHING 
CHANG 

Department  of  Chemistry,  Clemson  University,  Clemson,  South  Carolina 
29631  (USA) 

SUMMARY 

Reactions  of  the  fluorinated  amines  (CF2)2NH,  CF2N(OCF2)H, 

CF,N[OCF(CF,).]H,  CF.NHF  and  SF.NHF  with  the  strong  acid  HF/AsF, 

3  3  2  3  5  5 

1  2  +  •  + 

form  the  corresponding  ammonium  salts  R,  NH  AsF  and  R.NFH  - 

f  r  2  6  r  2 

AsF,"  in  high  yield.  CR*^-CF,,  R,^«CF,,  CP  o,  (CF,)^CP0;  R.-CF,, 
o  t3t33  32  X3 

SFg)  The  colorless  crystalline  solids  are  stable  for  prolonged 

periods  at  22*C  in  sealed  FEP  containers.  They  have  dissociation 

pressures  at  22'’C  ranging  from  n-S  torr  (R  NFK  ^AsF  ")  to  xSO  torr 

^2  o 

^  *  19 

(CP,N(OCF-)H  AsF  ).  F  NMR  and  Raman  spectroscopy  were  used 

3  3  2  V 

to  identify  the  compounds. 

INTRODUCTION 

Fluoroammonium  salts  of  the  type  NFH,  ,  NH  F,  and  NF  are 

3  2  2  4 

well  Icnown  and  *^2^2"*^  prepared  directly  from  NF^H  by  protonation 

in  superacid  media  HP/MF  (M»As,  Sb)  [2,3).  On  the  other  hand,  NF  cannot 

5  3 

be  converted  to  NF^h"*^  in  the  same  way.  Similarly,  it  is  well  known 
that  fluorocarbon  amines  such  as  (CF^) and  (CF^) ^NH  have  very 
low  basicity,  but  there  do  not  appear  to  have  been  any  attempts  to 
protonate  these  and  related  compounds  in  superacid  media. 


0022-1 139/84/S3  00 
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During  investigations  of  the  chemistry  of  CF^=NF  [4]  ,  we  attempted 
to  form  a  cation  of  the  imine  by  removal  of  a  fluoride  ion  with 
AsFg.  Instead  of  the  desired  halt,  CF2=NF  and  AsF^  formed  a  weak 
molecular  complex  at  lower  temperature  which  was  completely  dissociated 
at  22‘*C.  While  attempting  to  characterize  this  complex  by  NMR, 
we  inadvertently  prepared  CF^NFH^^  in  f luorosulfuric  acid  solution. 

This  result  prompted  us  to  investigate  the  obvious  question  as  to 
whether  fluorocarbon  amines  would  form  stable  ammonium  salts.  Using 
several  fluorocarbon  amines  available  from  on-going  research,  we 
report  here  the  facile  formation  of  ammonium  hexaf luoroarsenate 
salts  by  reaction  of  (CF  )  NH,  CF  N(OCF  )H,  CF  N(OCF(CF  ) J ,  CF  NFK 

V  J  J  fS  ^  w 

and  SFjNHF  with  the  strong  acid  HF/AsP^. 

EXPERIMENTAL 

General 

All  volatile  compounds  were  handled  in  glass  or  stainless 
steel  vacuum  systems  equipped  with  glass-Teflon  and  severe  service 
stainless  steel  valves,  respectively.  Amounts  of  materials  were 
measured  by  PVT  measurements  or  direct  weighing.  Pressures  were 
measured  with  a  Wallace  and  Tiernan  differential  pressure  gauge, 
series  1500.  Temperatures  were  measured  with  a  digital-indicating 
iron-constantan  thermocouple . 

Infrared  spectra  were  taken  on  a  Perkin-Elmer  1430  instrument 

with  a  3600  Data  Station.  Spectra  involving  HF  were  taken  with 

5  cm  stainless  steel  or  10  cm  Teflon-Kel-F  cells  fitted  with  AgCl 

windows.  Other  spectra  were  taken  in  lO  cm  glass  cells  fitted  with 

19 

KCl  or  AgCl  windows.  F  NMR  spectra  were  taken  on  Varian 
XL-lOO-15,  JEOL  C-60-HL  or  JEOL  FX-90Q  spectrometers  with  external 
CFCl^  as  a  reference.  Chemical  shifts  are  in  ppm  relative  to  external 
CFCl^,  with  high  field  shifts  having  a  negative  sign.  Solutions 
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involving  HF  were  contained  in  4  mm  OD  thin  wall  Kel-F  tubes  inserted 
in  a  standard  5  mm  glass  NMR  tube.  The  Kel-F  tubes  were  filled 
by  vacuum  transfer  and  sealed  before  inserting  them  into  the  glass 
NHR  tube.  Raman  spectra  were  taken  using  thin  wall  FEP  tubes  for 
sample  containers,  utilizing  a  Spex  14018  double  monochromator  with 
photon-co\inting  detection.  Excitation  was  via  the  514.5-nm  line 
of  an  Ar"*^  ion  laser. 


Reagents 

The  amines  (CF,)^NH  (5],  CF,N(0CF,)H,  CF,N[0CF(CF  )  ]H, 

3  2  3  J  -i  -3  2 

CF^NHF  (6]  and  SF^NHF  [7],  and  the  imines  CF2=NF  [4]  and  SF^=NF  [7]  were 
prepared  by  literature  methods.  Hydrogen  fluoride  was  obtained  from  Air 
Products  Inc.  and  was  purified  by  distillation.  Arsenic  pentaf luoride 
was  prepared  by  heating  reagent  grade  ^2^5  excess  fluorine 

at  200“  in  a  Monel  bomb. 

Synthesis  of  ammonium  salts 

In  a  typical  reaction,  1  ml  of  HF  was  distilled  into  a  10  ml  FEP  reactor 
at  -196“C,  followed  by  3.0  mmol  of  AsF^.  The  mixture  was  warmed  to  22“C  to  form 
a  solution  of  AsF^  in  EF.  The  reactor  was  then  cooled  to  -196“  and  perfluoro- 

methanimine  (3.0  mmol)  was  added.  The  mixture  was  warmed  to  22“C 

and  let  stand  for  l  h.  It  was  then  cooled  to  -70“C  and  pumped  on 

through  an  FEP  0-trap.  Pumping  to  constant  weight  at  this  temperature 

resulted  in  a  fine  white  crystalline  solid  corresponding  to  94% 

yield  of  CF  NFH  ^AsF  ”  based  on  the  starting  CF  *NF.  Similar  results 
3  2  o  ^ 

were  obtained  starting  with  CF^NHF.  Other  salts  were  prepared  from 
the  amines  using  similar  procedures.  When  pumped  on  at  -76“C  to 
remove  excess  HF,  the  yields  were  quantitative  within  experimental 
error.  All  the  salts  sublimed  readily  at  22®C  in  sealed  FEP  containers 
to  form  large  transparent  crystals. 
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CF^^NF^H^'*'AsFg~;  (HF, -34‘’C)  A  -74,5  (d),  B  -92.2  (q) 

Jab'I^.S  Hz;  Rainan(s)  1291(w),  1200 (w)  ,  961(w),  773(vw),  667{s), 

639 (w),  493 (w),  451 <s),  442 (sh) ,  394 (m),  340(w) ,  288 (vw)  cm"^. 

F^SF^^NF^H^*AsF^~i  “52®C)  A  52(ni),  B  51.7(m), 

X  -68.9  (br,  s) ;  J  sdSOi  J_v  readily  determined;  Raman{s) 

AB  SX  AX 

1064(m),  753(s),  692(s),  666 (m) /  564(w),  521(w),  449(m),  379(w), 

371 (m),  119 (w),  79 (w)  cm"^. 

CF  N(OCF  )H  "'^AsF  :  P,  oi^^SO  torr;  NMR  not  determined;  Raman  (s, 
-196*C)  1245{w),  lie5{vw),  1162(vw),  1054(w),  909{s),  773 (w) ,  709(s) 
690 (Sh),  685 (s),  574 (m) ,  333 (w) ,  297 (w),  221 (w) ,  192 (vw)  cm"^. 

(CF,*).NH.'^AsF  P-„„-!C0  torr;  NMR  (HF,  -28®C)  A  -58.3(6);  Raman 

~-3—  2—  ^ '  o  22  ^ 

not  determined. 

CF  N[0CF(CF  )  ]H  "'^AsF  P._o-  =10  torr;  other  data  not  determined. 

~  —  ^  2  — — o  22  C 

RESULTS  AND  DISCUSSION 
cf^nfh^'*'asf^'' 

The  formation  of  f luorotrif luoromethylaomonium 

hexaf luoroarsenate,  CF.NFH  '*^AsF  ,  occurs  in  high  yield  on  reaction 

3  2  S 

of  either  CF^-NF  or  CF^NFH  with  a  stoichiometric  amount  of  AsF^ 
in  excess  liquid  HF  at  or  below  22°C.  Excess  AsF^  can  also  be 
employed  with  similar  results. 

CFj-NF  +  HF  - -  CF^NFH 

_  up  ^  * 

CF,NFH  +  AsF,  +  HF  - - — ►  CF,NFH„  AsF, 

3  5  3  2  6 

Removal  of  the  excess  HF  at  -70®C  gives  a  nearly  quantitative  yield 

of  the  ammonium  salt.  The  HF  can  also  be  removed  near  O^C  with  a 

resulting  lower  yield  of  the  salt.  At  this  temperature,  the  salt 
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already  has  a  measurable  dissociation  pressure  and  some  of  the  starting 
amine  and  AsFg  are  removed  along  with  HF.  At  22®C,  the  dissociation 
pressure  is  =7  torr  and  the  IR  spectrum  of  the  equilibrium  vapor  is 
that  of  CFjNFH  and  AsF^.  At  this  pressure  the  HF  is  not  visible,  but 
its  presence  is  readily  discernible  by  its  attack  on  glass  forming 

SiF,. 

4 

Supjxsrt  for  the  structure  of  CF  NFH  "'^AsF  comes  from  the 

3  2  6 

19 

Raman  and  F  nmr  spectra.  Raman  spectra  were  only  of  marginal 
quality  because  of  strong  fluoresence  in  all  samples  under  a  variety 
of  conditions,  including  low  temperature  Kel-F,  PEP  or  Pyrex  sample 
containers,  HF  solutions  and  varying  the  wavelength  of  the  laser 
excitation.  Nevertheless*  sufficient  quality  spectra  could  be  obtained 
to  readily  assign  v,  of  AsF  ~  at  667  cm  ^  as  the  most  intense  band 
in  the  spectrum  of  the  solid.  This  value  compares  favorably  with 
related  AsFg  salts  of  NF^H^"*  and  NF^"*^  (8].  *  Other  observed  bands 
are  reasonable  for  the  salt  but  no  effort  was  made  to  assign  them. 

The  strongest  support  for  the  cation  CF^NPH^"*^  comes  from  its 
^^F  NMR.  In  HF  solution,  CF,NFH_''’asF  “  shows  a  doublet  for  the 
CF^  (-74.5)  and  a  quartet  for  the  fluorine  on  nitrogen  (-92.2)  with 
*!  17.5  Hz.  Cooling  to  as  low  as  -70®C  did  not  result  in  any 
observable  J  coupling.  This  is  in  contrast  to  the  free  amine 
in  CFClj,  where  a  doublet  of  doublets  is  observed  for  the  CF^  (-74.2) 
and  a  doublet  of  quartets  for  the  NF  (-126.7),  with  *  26.7, 

“  9-5  and  ^  =  9.5  Hz  [6].  Clearly,  CF.NH  f"^  is  exchanging 

^  + 
protons  with  the  solvent  HF  and  the  concentrations  of  both  CF^NFH^ 
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Fig.  1.  ''^F  NMR  OF  CF^NFH 2‘^AsFg"  in  HOSO2F.  1000  Hz  sweep 
width.  Relative  area  NF:CF2*=1 . 0: 3. 0.  CF^  signal  shows  little 
change  with  temperature. 

and  CF^NHF  may  be  comparable*.  The  latter  conclusion  is  supported 

bv  the  ^®F  NMR  of  CF.NFH  ^AsF,”  in  f luorosulfuric  acid.  The  temperature 
^  3  2  6 

dependent  spectrum  is  shown  in  Figure  l.  The  doublet  of  relative 

area  3  due  to  the  CF^  (-69)  and  the  triplet  of  quartets  of  relative 

3  2 

area  l,  due  to  the  NF  (-65)  can  be  explained  by  =  14  and  =42 

Hz**.  The  large  change  in  the  chemical  shift  of  the  NF  group,  and 
2 

the  observable  coupling,  clearly  imply  that  the  species  is 

Hr 

■  ProtOT  exchange  of  NH.F_'*'asF  "  in  HF  could  be  suppressed  by 

2  2  6 

addition  of  excess  AsF^  to  the  solution  (ref.  2).  We  attempted 

this  with  CF,NFH^''’asF,“  without  success, 

3  2  6 

**  In  a  sample  of  CF^NFH^’^AsF^"  in  HOSO2F  at  30®C,  the  AsF^ 
anion  is  visible  as  a  very  broad  signal  near  -63  ppm. 
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+ 

predominantly  the  CF^NFH^  cation  in  HOSO^F  and  its  exchange  of 
protons  with  the  solvent  is  slow  on  the  NMR  time  scale  at  lower 
temperatures.  This  is  in  contrast  to  HF  as  a  solvent  where  the 
exchange  is  fast  and  where  CF^NHF  is  probably  a  major  species. 

If  the  latter  is  true,  the  chemical  shift  of  the  NF  group  in  HF 
might  be  expected  somewhere  between  that  of  pure  CF^NHF  (-126.7) 
in  CFCl^  and  CF^NFH^^  (-65)  in  HOSO^F.  Fortuitously,  it  is  found 
at  -92,  very  near  the  average  of  the  two  values. 


Other  examples  of  fluorinated  ammonium  salts 


Other  2unmonium  salts  can  be  similarly  formed  from  (CF^)2NH, 

CF2N(0CF2)H,  CF^N(0CF(CF2) jlH  and  SF^=NF  or  SF^NHF.  The  least  stable 

salt  was  observed  with  CF2N(OCF2)H,  which  exhibited  the  highest 

dissociation  pressure  at  22*’C.  The  stability  of  SF  NFH  ''^AsF  ~  was 

5  2  6 

similar  to  that  of  CF  NFH  '**AsF  The  Raman  spectra  for  CF  N(OCF  )H 

3  2  6  3  3  2 

AsF  and  SF  NFH  "^^AsF  *"  both  contained  strong  bands  assignable  to 
6  5  2  6 

V,  of  AsF  at  690  and/or  685,  and  692  and/or  666  cm  respectively. 

1  o 

The  ^®F  NMP  spectra  of  (CF,)  NH.'^AsF,”  and  SF^NFH  ’’’AsF,”  in  HF  solution 

3226  526 

are  similar  to  that  of  CF2NFH2''^AsPg”  in  HF.  The  coupling  readily 

observed  in  (CF2)2NH  is  absent  in  the  solution  of  the  ammonium  salt 

and  the  chemical  shift  of  CF^  groups  is  only  slightly  different 

2 

from  that  of  the  free  amine  (-58.3  vs.  -57.1).  Similarly,  J 

HF 

is  not  observable  for  SF^NFH^^AsF^  .  As  with  CF^NFH,  a  substantial 

change  is  observed  for  the  NF  chemical  shift  in  SF.NFH,"'^  (-68.9) 

5  2 

vs.  pure  SFgNHF  (-74.7).  The  shift  in  the  axial  S-F  fluorines  of 
SF  group  is  even  larger  (52  64.6),  whereas  the  equitoral  flu¬ 


orines  show  little  change  (51.7  52.6). 
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CONCLUSION 

The  facile  formation  of  fluorinated  alkyammonium  hexafluoro- 
arsenate  salts  has  been  demonstrated  by  reaction  of  fluorinated 
amines  with  AsF^/HF.  While  only  a  few  examples  have  been  prepared 

it  seems  clear  that  a  variety  of  amines  of  the  type  R^NFH  and 
1  2 

Rj  NF  will  react  similarly.  It  would  be  of  interest  in  the  future 
to  determine  if  related  compounds  such  as  R^NF^*  (R£)2NF  and 
will  also  form  ammonium  salts  under  similar  conditions. 
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An  Efficient  Synthesis  of 
iV'Bromoperhnlo-  t-alkanimines 

Summary:  Certain  perhalogenated  nitriles  have  been 
found  to  react  readily  with  bromine  and  active  cesium 
fluoride  to  afford  high  yields  of  N-bromoperhalo>l-alkan* 
imines  (I^FO—NBr,  R,  »  CF3,  C^Fj,  0-C3F7,  CF^CU  CCI3), 
Photolysis  of  the  perfluorinated  lV>bromo  compounds  af> 
fords  the  novel  perfluoroaaines  RfFC""NN=CFRf. 

Sir:  A  number  of  iV*bromoperhalo*l-alkanimines 
(ly  C*“NBt)  have  long  been  known,  but  their  chemistry 
has  remained  unexplored  due  to  the  inefficiency  of  the 
reported  syntheses.'  Here  we  report  a  simple,  high-yield 
synthesis  of  five  of  these  compounds  by  reaction  of  the 
corresponding  perhalogenated  nitriles  with  bromine  and 
active  cesium  fluoride.  These  reactions  probably  proceed 
by  initial  formation  of  ly  C^N',  followed  by  oxidation 
of  the  intermediate  anion  by  bromine  to  afford  ly 
NBr.  This  postulate  is  supported  by  mechanistically  sim¬ 
ilar  chemistry  reported  for  other  unsaturated  per¬ 
fluorinated  systems.^ 

The  preparation  of  CFsFC^NBr  (1)  is  described  as  a 
typical  example.  (CAUTIONl  Many  iV-halo  compounds 
are  known  to  be  powerful  explosives.  We  have  experienced 
no  expiosiona  during  the  preparation  and  handling  of  the 
Af-bromoperhalo-l-alkanimines,  but  the  potential  insta¬ 
bility  of  these  compounds  and  certain  of  their  derivatives 
should  be  kept  in  mind.  We  advise  that  preparations  and 
reactions  of  these  materials  be  done  on  a  small  scale.) 
Trifluoroacetonitrile  (15  mmol)  and  then  bromine  (30 
mmol)^  were  condensed  into  a  100-mL  Pyrex  flask  con¬ 
taining  active  cesium  fluoride  (35  mmol)*  and  fitted  with 


(1)  (a)  TuUock.  C.  W.  Biit.  Pat.  370328. 1968.  See  also:  Cftem.  Abttr. 
1962. 36. 8661/.  (b)  Charabert.  W.  J.;  Coflman.  D.  D.  U.S.  Pat.  3023208. 
1961  Saa  alao:  Chtm.  Ab$tr.  1962. 37.  11215.  (c)  TuUock.  C.  W.  U.S. 
Pat.  3057849. 1962.  Saa  also:  Chtm.  Ab$tr.  1963. 58.  33156.  (d)  Cham- 
ban.  W.  J.;  TuUock.  C.  W.;  Coffman.  D.  D.  J.  Am.  Chtm.  Soc.  1962. 84. 
2337. 

(2)  Chambers,  R.  D.  ‘‘Fluorine  in  Organic  Chemistry";  Wiley:  New 
York.  1973. 

(3)  The  excess  bromine  is  eventuaUy  absorbed  by  the  solid  pnase. 
Presumably.  CsBr^  and  higher  cesium  polybromides  are  ro.-med. 

(4)  The  cesium  fluoride  was  activate  by  fusion  in  a  platinum  dish. 
foUowed  by  grinding  to  a  fine  powder  in  a  baU  mill  under  dry  nitrogen. 
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Table  L 

Spectral  Data  for  N-Bromoperhalo-l-alkanimines 

compound 

"F  NMR;“  solvent 

IR  (i'c=N'  cm"' ) 

1,  CF,''F“C=NBr 

F''  -71.8;  F“  -27.5;  3-3  Hz;  CFCl,* 

1705*’ 

2,  CF,®CF,''F“C=NBr 

F^  -118.7;  FB -83.35;  F^>  -21.76;./ab  2.J^^  16, 
^BM  5  Hz;  CDCl, 

1695 

3.  CF,CcF,®CF,AF“C=NBr 

F''  -116.2:  F®  -  127.3;  F^  -81.23;  F*'*  -19.93; 

•^AM  13,  .^BM  ®-5,</.ac  others  <  2  Hz;  CCI4/ 

CDCI,  (91) 

1690 

4,  CClFiAFMC=NBr 

AF -60.02;  “F -26.70;  11  Hz;  CDCl, 

1695 

5,  CCl,F“C=NBr 

F^  -24.32;  acetone-d. 

1670 

®  90-MHz  NMR  in  ppm;  CFCl,  internal  reference.  *  Chang,  S.-C.;  DesMarteau,  D.  D.  Inorg.  Chem.  1983,  22,  805. 

Table  II.  Spectral  Data  for  PetQuoioazines 

compound 

■»F  NMR;“  solvent 

IR  (*'c=N.  cm"') 

6,  (CFjAFMc=N)-, 

FA  -72.70;  F^  -62-22;  H  Hz*  CCl. 

CCl./CDCl,  (9:1) 

1720 

7,  (CF,®CF,af“C=N^, 

FA  -120.2;  F**  -  83-14;  F“  -55.94;  2.  14.5, 

CDCl, 

1710 

8.  (CF,CcF,®CF,afMc=N-)-, 

FA  -118.4;  F®  -127.3;  FC  -  81.01;  F“  -  55.46;  9.  1"10 

*^BM  others  <  2  Hz;  CDCl^ 

“  90-MHz  NMR  in  ppm;  CFCl,  internal  reference. 


a  glaas-Teflon  stopcock.  As  the  bromine  melted,  the  flask 
was  rotated  so  as  to  distribute  the  Brj/CaF  in  a  thin  layer. 
The  reaction  became  mildly  exothermic,  and  most  of  the 
free  bromine  appeared  to  have  been  consumed  within  5 
min.  The  mixture  was  left  in  darkness  for  16  h  at  23  ^C. 
Trap-to-trap  fractionation  (-93,  -196  ®C)  gave  CFjFC** 
NBr,  slightly  contaminated  with  bromine,  in  the  -93  ®C 
trap.  Unreacted  (3F3CN  collected  in  the  -196  ®C  trap.  The 
bromine  was  remov^  by  brief  exposure  of  the  mixture  to 
an  excess  ('-~8  mmol)  of  ethylene,  followed  by  trap-to>ttap 
fractionation:  -54  *C  (CiH4Br2),  -90  *C  (CFaFO^NBr, 
11.8  mmol.  79%  yield),  -196  ®C  (C^HJ.  The  compounds 
CjFjFC— NBr  (2),  n-CjF7FC— NBr  (3),  CClFjFC— NBr 
(4),  and  CCljFC^NBr  (5)  were  obtained  in  a  similar 
fashion  (eq  1). 


R.C™n  +  CsF  20rj  — -  C  =  N  +  Cs0rj  (1) 

^0r 

R,  =  CF„  C,F„  n-C,F„  CC1F„  CCl, 

Wo  attempted  to  prepare  CHjFC^^NBr  and  CaFjFO* 
NBr  from  CH3CN  and  CsFsCN,  respectively,  without 
success.  These  results  indicate  that  a  highly  halogenated 
aliphatic  group,  R,,  is  necessary  for  preparation  of 
R^C*“NBr  under  our  conditions. 

The  N-bromoperhalo-l-alkanimines  were  readily  char* 
acterized  by  their  ‘‘F  NhQl  and  IR  spectra  (Table  I).  The 
fluoroalkyl  NMR  absorptions  all  appear  as  simple  Hrst* 
order  patterns.  The  “vinylic”  fluorines  (F^)  characteris* 
tically  give  rise  to  broad  peaks  near  5  -20  (R^**C™NBr). 
The  NMR  spectra  indicate  that  imines  1-5  exist  in  only 
one  of  two  possible  isomeric  forms.  We  assume,  on  steric 
grounds,  that  the  observed  isomer  is,  in  each  case,  the  one 
with  the  bromine  atom  anti  to  the  perhaloalkyl  group. 
Compounds  1-5  are  thermally  stable  (CFsFC—NBr  sur¬ 
vives  prolonged  heating  at  200  ®C).  Pyrolysis  at  higher 
temperatures  (450-500  ®C,  Pyrex  flow  system)  affords  a 
mixture  of  perhaloalkyl  bromide  and  cyanogen  fluoride  (eq 
2). 


R, 


R.Sr  -I-  '’CM 


(2) 


R.,  ^  CCl,,  CF„  C.F,,  n-C,F. 


TTie  N-bromo  imines  are  moderately  light-sensitive.  The 
light-sensitivity  of  compounds  1-3  was  exploited  in  the 
preparation  of  the  perfluorinated  azines  6-8.^  Ultraviolet 
photolysis  (250-W  medium-pressure  mercury  lamp)  of  the 
bromo  imines  affords  a  mixture  consisting  primarily  of 
azine,  bromine,  and  starting  materials  (eq  3).  This  be- 


(3) 


Rf  —  CFj,  C.Fj,  fi-CjF, 


havior  parallels  that  seen  for  (CF3)2C=NBr,  which,  upon 
photolysis,  affords  (CF3)2C=NN=^(CF3)2  and  Brj.®  In 
the  cases  described  here,  however,  the  photolytic  conver¬ 
sion  is  not  as  efficient  as  that  reported  for  the  preparation 
of  (CF3)2C“NN“C(CF3)2.  In  this  work,  as  the  concen¬ 
trations  of  azine  and  bromine  build  up,  significant  com¬ 
peting  reactions  begin  to  occur.^  These  competitive 
processes  can  be  partly  overcome  by  periodic  removal  of 
^  bromine,  using  either  ethylene  or  propylene,  but  com¬ 
plete  conversion  of  bromo  imine  to  azine  is  never  achieved. 
Removal  of  unreacted  bromo  imine  is  done  by  reaction 
with  mercury  (to  yield  the  corresponding  nitrile);  the  nitrile 
and  azine  are  then  separable  by  vacuum-line  fractionation 
or  by  preparative  GLC.  The  purified  products  were  readily 
chara^rized  by  their  N7^  and  IR  spectra  (Table  ID. 

Further  studies  of  the  reactions  of  the  iV-bromoper- 
halo-  1-alkanimines  (such  as  those  with  olefins,  to  yield 
R^C=*“NCYY'CZZ'Br,  and  with  CO,  to  yield  1-bromo- 
perhaloalkyl  isocyanates),  and  of  the  products  derived  from 
them,  are  in  progress. 


(5)  Som*  of  thaw  aziiMB  have  been  prepared  by  reaction  of  appropriate 
periQuohnatad  diaianee  with  metal  carbonyls:  la)  Chambers,  W.  J.  U.S. 
Pat.  3 117996,  1964.  Sea  also:  ref  Id  and  Chem.  .Abstr.  1964.  60,  6745e. 
(b)  Compound  6  haa  recently  been  prepared  from  CFiClC— NN—H3C1CF, 
and  KF:  Barloae,  M.  J.;  Bell,  D.;  O'Reilly,  N.  J.;  Tipping,  .V  E.  J.  Fluorine 
Chem.  1983,  23.  293. 

(6)  Middleton.  W.  J.;  Kreapan.  C.  G.  J.  Org.  Chem.  1965,  30.  1398. 

(7)  The  competing  reactions  yield  colorless,  crystalline  solids  of  slight 
volatility.  The  structures  of  these  products  are  unclear  at  present,  but 
we  have  determined  that,  in  the  case  where  R,  «  CF>  the  material  con¬ 
tains  both  bromine  (produced  by  slow  decomposition  of  the  material  at 
23  ‘C  in  room  light)  and  the  CF]FC=”N  group  'observed  in  the  mass 
spectrum  of  the  vapor). 
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Sythwh  of  CFjNBrj  ud  CFjNBrCL  Novel  Metal 
FloorMe  Proaoted  Cooveraion  of  N-G  Bonds  to  N-Br 


Sir: 

Tbe  synthesis  of  fluorinated  compounds  conuining  the 
^JVKlichloro  group  is  readily  accomplished  by  the  addition 

Table  I.  Metal  Fluoride  Promoted  Reactions  of  N-O  with  Br, 

products® 


N-C  (amt*) 

Br,/MF® 

r*> 

CF,- 

NBrO 

CF,- 

NBr, 

CF,=Na  (2.0) 

1. 7/8.5  (CsF) 

11 

0.4 

0.6' 

CF.=Na  (2.0) 

4.0/9.2  (CsF) 

11 

0.9 

0.6*' 

CF,=Na  (2.0) 

2.0/20  (CsF) 

12 

0.8 

d 

CF.NaBr  (0.6) 

10/10  (CsF) 

12 

0.5' 

CFjNQBr  (0.5) 

10/20  (CsF) 

12 

0.1' 

CF,Na,  (1.0) 

10/10  (CsF) 

42 

0.2 

0.3' 

CT.NQj  (1.0) 

10/20  (CsF) 

40 

0.3 

0.1' 

CFjNQ:  (0.9) 

10/10  (KF) 

40 

0.4 

trace' 

CF.NQ,  (1.0) 

10/10  (NaF) 

40 

0.5 

c 

CF.NQ,  (1.0) 

10/10  (UF) 

40 

0.2 

c 

CF.NQ,  (1.0) 

10/10  (CaF,) 

40 

c 

®  Amounts  in  millimoles.  *  Time  in  hours  in  the  absence  of 
light  at  22  °C.  ®  Surtmg  NO  recovered.  **  Some  CFjNCl, 
formed. 

of  GIF  to  a  variety  of  carbon-nitrogen  multiple  bonds.’  For 
example,  the  following  reactions  proceed  in  high  yield:^“* 

CICN  -F  2CIF  —  CICFiNClj 

R,CN  +  2CIF  —  R^FjNClj 

CFj— NCI  +  GIF  —  CFjNCIj 

We  have  recently  shown  that  the  cesium  fluoride  promoted 
chlorination  of  C-N  multiple  bonds  with  Clj  is  also  an  effective 
method  for  the  synthesis  of  the  same  compounds.’ 

R,CN  +  2CI2  +  2CsF  —  RCFjNClj  +  2CsCI 

CFj—NCl  +  Clj  +  CsF  —  CFjCFjNClj  +  CsCl 


In  related  work,  HgF^  has  also  been  shown  to  be  effective 
in  these  transformations,  where  the  HgFj/Clj  mixture  behaves 
as  an  in  situ  source  of  GIF.* 

CICN  +  2CI2  +  HgFj 

CFjNClj/CICFjNa:  (3:1)  +  HgClj 

CFjCN  +  2Clj  +  HgFj  —  CFjCFjNCl:  +  HgCl; 

Tbe  latter  reaction  could  also  be  extended  to  Br^  to  yield  both 
CF3CF2NBr2  and  CFjCF—NBr  and  represented  the  first 
example  of  a  thermally  stable  NBr2  derivative.  Cesium 
fiuoride  is  also  effective  in  promoting  the  reaction  of  Br2  with 
C-N  multiple  bonds,  but  in  tbe  case  of  nitriles  the  reaction 
stops  at  the  imine.’-^ 

CF2— NF  +  2Br2  +  CsF  ^  CFjNBrF  +  CsBrj 

CF,CN  +  2Br2  +  CsF  —  CFjCF— NBr  +  CsBr, 

We  were  interested  in  preparing  the  first  example  of  a  stable 
compound  containing  an  -NGBr  function,  and  we  investigated 
tbe  CsF-promotcd  reaction  of  Br2  with  CF2“NC1.*  The 
reaction  worked  well,  but  to  our  surprise,  CF3NBr2  was  also 
formed. 

Br,/CiF 

CF2—NC1 - -  CFjNBrCl  +  CFjNBr, 


(1)  Sctaack.  C.  J.;  Cbrine.  K.  O.  hr.  J.  Chem  1978.  17.  20 

(2)  Young,  D.  E,;  Andenon.  L.  R.;  Fox.  W.  B.  J.  Chem.  Soc..  Chem 
Commun.  1970.  395. 

(3)  Hynes,  J.  B.;  Austin,  T.  E.  Inorg.  Chem  1966.  5.  488 

(4)  SvdndeU.  R.  F.;  Zaborowski.  L.  M.;  Shreeve,  J.  M.  Inorg  Chem  1971, 
10.  1635 

(5)  Cbang.  S.-C.;  DesManesu.  D.  D.  Inorg  Chem.  1983.  22.  805 

(6)  Witerfeld.  A.;  Mews,  R,  J.  Chem.  Soc..  Chem  Commun  1982,  839 

(7)  Higb-yield  syntbeses  of  a  variety  of  RfCF— NBr  compounds  are  re¬ 
ported  in:  O'Brien.  B  A ;  DesMarteau.  D.  D..  to  be  submitted  for 
publication 

(8)  As  far  as  we  could  determine,  there  are  no  reported  examples  of  the 
isolation  of  -NBrCl  derivatrves. 
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Caution]  While  we  have  experienced  no  explosions  during  the 
handling  of  small  quantities  of  these  materials,  many  struc¬ 
turally  similar  A’-halo  compounds  are  known  to  be  powerful 
explosives.  Due  caution  must  oe  exercised  while  conducting 
experiments  such  as  those  described  here.  In  a  typical  reaction, 
CF2*“NC1.  Brj.  and  CsF  were  allowed  to  react  in  a  100-mL 
glass  reaaor  containing  a  Teflon-coated  magnetic  stirring  bar 
at  22  °C  in  the  absence  of  light.  The  mixture  was  stirred  for 
an  a;q)ropriate  time,  and  the  products  were  then  separated  by 
pumpng  through  a  series  of  cold  traps.  Essentially  pure 
CFjNQBr  and  CFsNBr^  were  then  obtained  by  brief  treat¬ 
ment  with  excess  CjH4  at  22  ®C  to  remove  unreacted  Brj, 
followed  by  reseparation.  The  reactions  are  summarized  in 
Table  I. 

The  formation  of  CFsNBrCl  can  be  explained  by  oxidation 
of  the  intermediate  anion  CF3NCT  by  Brj,  in  the  same  way 
that  CFjNClj  is  formed  from  CK  and  CF-—NC1  (eq  1)  and 
CFjNBrF  from  Br;  and  CF-— ‘NF  (eq  2).'  In  the  above 
examples,  there  is  no  reaction  in  the  absence  of  CsF. 

CFbNCI; 

I  BrCI 

CF2  =  NCI  +  F‘  CF3NCI'  CFjNClj  (1) 

I-. 

CFjNCIBr 

CF2=NF  *  F"  CFjNF'  CFjNFBr  (2) 

The  formation  of  CF3NBr2  in  the  reaction  of  CF3NCr  with 
Brj  requires  a  substitution  of  Cl  by  Br  in  CFsNBrCl.  We  have 
found  that  this  substitution  can  be  readily  accomplished  in  both 
CF3NBrCl  and  CF3NCI2  by  reaction  with  Br2  in  the  presence 
of  CsF. 

C*F/Bf,  C»F/8», 

CF3NCI2  —  CF3NBrCl - -  CF3NBr: 

There  is  no  reaction  under  the  same  conditions  in  the  absence 
of  CsF,  and  CsF  alone  is  also  unreaaive.  Similarly,  BrCI  does 
not  form  a  significant  amount  of  either  CF3NBrCI  or  CF3NBr2 
in  the  presence  of  CsF,  and  it  converu  CF3NBrCl  back  to 
CF3NCI2.’  The  aaive  species  in  these  reactions  may  be 
CsF-Br2,  which  may  contain  a  significant  concentration  of  the 
anion  FBr2'.'®  Very  active  CsF  readily  absorbs  bromine  to 
form  a  bri^t  yellow-orange  solid  with  only  a  small  equilibrium 
pressure  of  Br2  at  22  ®C.‘’  The  Er2  is  removed  very  slowly 
by  pumping  on  the  solid  under  dynamic  vacuum  at  22  ®C,  and 
even  heating  at  1(X)  ®C  wi  l  not  readily  remove  all  the  Br2. 
Active  KF  also  absorbs  Br2  but  to  a  lesser  degree."  Potassium 
fluoride  with  Br2  is  only  effective  in  converting  CF3NCI2  to 
CF3NBrCl  and  not  to  CF3NBr2. 


We  expected  that  NaF  ai  d  LiF  would  be  ineffective  in 
promoting  the  reaction  of  Cr3iNCl2  with  Br2.  However,  both 
result  in  reasonable  yields  of  CF3NCIB:  (see  Table  I).  To 
ascertain  whether  the  formation  of  CF3NClBr  was  a  surface 
rcaaion  only  and  not  due  to  the  metal  fluoride  itself,  we  tried 
CaFj  under  the  same  conditions  and  it  was  unreactive.  This 
result,  combined  with  the  fact  that  the  formation  of  CF3NBr2 
is  only  observed  with  CsF,  would  suggest  that  these  reactions 
are  fluoride  promoted.  However,  additional  studies  with  other 
fluorides  and  non-iluoride-containing  solids  will  be  required 
to  establish  this  with  certainty. 

The  novel  compounds  CFsNBrCl  and  CFsNBr-  are  pale 
yellow  solids  melting  at  -62.5  to  -61 .5  ®C  and  -56,4  to  -55.5 
®C,  respectively.  They  are  thermally  stable  in  the  dark  at  22 
®C,  but  they  readily  decompose  under  the  influence  of  Py- 
rcx-filtercd  sunlight. 

2CF3NBrX  CF3N=NCFj  +  2BrX  (X  =  Cl,  Br) 

The  compounds  are  readily  identified  by  their  MH"^  and  M’ 
molecular  ions  with  the  expected  isotope  ratios  in  the  Cl  and 
El  mass  spectra,  bv  their  '*F  NMR  (internal  CFCI3)  6- 
(CFjNBtCI)  =  -72.3  (s)  and  a(CF3NBr2)  =  -70.5  (s).  6- 
(CF3NCI2)  =  -78,  and  by  their  characteristic  IR  speara.  The 
latter  are  very  similar  to  those  of  CF3NCI2  except  in  the 
850-650-cm''  region  where  each  show  two  characteristic 
strong  absorpUOTs  (cm"’);  CF3NCI2,  812  and  708;  CF3NBrCl, 
787  and  688;  CFjNBrj,  758  and  675. 
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(9)  BrCl  is  a  very  powerful  cblonnation  reageot  (more  reaaive  than  CI2) 
in  the  CsF-caulyzed  reactions  of  R|CN  and  R(CF— 'NR,;  Zheng.  Y.; 
DcaMarteau.  D.  D..  to  be  submitted  for  publication. 

(10)  This  polybalogen  anion  does  not  appear  to  be  known,  and  this  may 
indicate  that  BrjF*  is  not  the  active  speacs  in  the  reacuons  with  -NClBr 
and  -NCIj.  However,  Br,CI‘  is  well  characterized;  Ault.  B.  S..  An¬ 
drews.  L  J.  Chem  Fhys  1976,  64.  4853. 

(11)  Coium  nuoride  (99.9%)  was  activated  by  fusing  it  in  a  Pt  dish,  followed 
by  grinding  in  a  ball  mill  to  a  very  Tine  powder  under  very  anhydrous 
conditions.  Potassium  fluoride  was  similarly  aaivated 
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Very  few  examples  of  compounds  containing  discrete  nitro¬ 
gen-selenium  double  bonds  exist.  The  first  of  these  was  reported 
in  1967  and  involved  the  preparation  of  ((arylsuifonyl)imino)- 
selenyl  chlorides.^ 

RSOjNCl:  +  Se  —  RSOjN—SeClj  ( 1 ) 

Other  examples  such  as  TcFsN—SeCl;^  and  SF5N=SeCl2*  have 
appeared  only  more  recently. 

TeFjNHj  +  SeCU  —  TeFjN— SeCl^  +  2HC1  (2) 

3SF5NCI2  +  2SejCl2  ^  3SF5N— SeClj  +  ScCU  (3) 

Both  the  arylsulfonyl  and  the  pentafluorosulfanyl  derivatives 
decompose  upon  standing  in  sharp  contrast  to  the  pentafluoro- 
tellurium  compound.  Thus,  it  was  our  interest  to  attempt  the 
preparation  of  more  -N— Se<  systems  and  to  compare  their 
stabilities  to  those  of  the  above-mentioned  compounds. 

In  order  to  prepare  perfluoroalkyl  analogues,  one  would  envision 
either  the  free  amines  or  the  dichloroamines  as  starting  materials. 
However,  it  is  well  documented  that  perfluoroalkylamines  with 
fluorine  in  the  o-position  relative  to  the  nitrogen  readily  eliminate 
HF  to  give  the  corresponding  nitriles.’  In  faa  this  problem  has’ 
and  can  be  circumvented  by  using  the  dichloramines  as  starting 
materials  (see  Scheme  I).  Our  investigation  has  also  led  to  a 
new  one-step,  high-yield  synthesis  of  (trifluoromethyl)dichlor- 
amine. 

Expcrimntal  Section 

Materials.  QF,’  CjFsNClj,'  and  FC(0)NClj’  were  prepared  by 
literature  methods;  BrCN,  CFjCN,  Se.  ScjCI:.  and  HjSeO}  were  ob¬ 
tained  from  commercial  sources  and  used  without  further  purification. 
Cautioef.  Many  JV-balo  compounds  are  known  to  be  powerful  explosives; 
therefore,  suiubie  safety  precautions  should  be  kept  in  mind.  We  advise 
that  the  preparations  and  reactions  of  these  materials  be  done  on  a  small 
scale. 

Spectra.  Infrared  speara  were  obuined  on  a  Perkin-Elmer  1430  Data 
System,  while  Raman  spectra  were  taken  on  a  Spex  1403  Ramalog 
dwbie  spectrophotometer  with  a  Scamp  data  system.  Mass  spectra  were 
obtained  on  a  HP  S98SA  GC/MS  system.  The  mass  numbers  are  given 
for  "Se  and  ”C1;  the  intensities  include  all  isotopes.  Fluorine-19  NMR 
spectra  were  recorded  on  a  JEOL  FX-90Q  spectrometer  at  84.25  MHz 
and  referenced  to  internal  CCI3F.  Selenium-77  NMR  spectra  were  taken 
at  1 7.06  MHz  and  referenced  to  external  H^SeOj. 

PrepanhoB  of  (TriflaoraaBCthyl)dichloraiBiac.  Cyanogen  bromide 
(lO.O  mmol.  1.06  g)  was  condens^  into  the  bottom  of  a  95-mL  Monel 
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Schemel 

R,N=SCl2  R,N=PC:3 

R,NsSQ|_ —  R^NCl2  — SOCU 

R,N=S=NR,  R,N=S=0 

cylinder  chilled  to  liquid-nitrogen  temperature.  The  level  of  the  liquid 
nitrogen  was  then  raised,  and  CIF  (65  mmol)  was  added  slowly  so  that 
it  would  condense  into  the  upper  portion  of  the  cylinder.  The  reaction 
vessel  was  placed  in  a  slush  bath  at  -1 30  *C  and  allowed  to  warm  slowly 
to  room  temperature  overnight.  The  volatile  materials  were  then 
transferred  to  the  vacuum  system  and  passed  through  a  series  of  traps 
at  -50,  -125,  and  -196  “C.  The  trap  at  -50  ®C  stopped  1 .14  g  of  a  pale 
yellow  solid  with  properties  characteristic  of  BrF]."’  The  contenu  of  the 
-125  *C  trap,  consisting  primarily  of  CFsNCl}  and  CIj.  were  then  shaken 
over  mercury  until  compete  removal  of  the  Cl;.  Repeated  distillation 
gave  CFjNClj  (9.5  mmol)  in  95%  yield,  stopping  in  the  trap  at  -1 25  ®C. 

PreparalioB  of  ((TrifhwroaietiiyI)lmino>scleByl  Dichloride.  Method 
A.  Diselenium  dichloride  (1.14  g,  5.0  mmol)  was  loaded  into  an  FEP 
tube  reactor  with  a  metal  valve  in  the  drybox.  After  evacuation  and 
cooling  to  -196  *C,  approximately  10  mL  of  dry  CCI3F  was  condensed 
into  the  reactor.  This  mixture  was  warmed  to  room  temperature  and 
stirred  to  form  a  homogeneous  solution  before  being  refrozen  in  liquid 
nitrogen.  An  additional  1  mL  of  CCI3F  was  then  condensed  in  followed 
by  1.25  g  of  CF3NCI3  (8.1  mmol).  The  reaction  mixture  was  placed  in 
a  -50  *C  bath  and  maintained  at  the  temperature  overnight.  Over  the 
next  24-h  period,  the  temperature  of  the  bath  was  allowed  to  rise  slowly 
to  room  temperature.  During  this  time,  a  white  precipitate  formed  and 
the  color  of  the  solution  changed  from  dark  red  to  light  yellow.  The 
volatile  materials  were  then  transferred  to  the  vacuum  line  and  passed 
through  a  series  of  traps  at  -15,  -55.  and  -196  ®C.  The  pale  yellow, 
milky  liquid  that  stopp^  in  the  trap  at  -55  *C  was  further  purified  by 
reaction  with  fresh  CF3NCI;  for  short  periods  of  time  between  distilla¬ 
tions.  This  process  was  ~epeated  until  the  product  was  obtained  as  a  clear 
liquid  (1.55  g.  89%  yield).  The  white  solid  (>0.45  g)  was  identified  as 
SeCU  through  its  Raman  spectrum." 

Method  B.  Selenium  (0.47  g,  6.0  mmol)  and  CF3NCI;  (0.95  g.  6.2 
mmol)  were  reacted  under  the  same  conditions  as  above.  The  0.70  g  of 
material  stopping  in  the  -55  'C  trap  was  found  to  contain  CF3N— SeClj 
along  with  other  products  (CF3N— NCF3.  SejCl;). 

CF3N— SeQj:  IR  (gas)  1280  (w),  1237  (vs),  1200  (s),  1174  (s),  1038 
(m),  77]  (w),  651  (w),  610  (w)  cm"';  IR  (liquid)  1220  (vs  b),  1 145  (vs 
b),  1024  (m),  962  (w).  764  (m).  650  (m).  609  (m).  515  (w)  cm'’.  Ra¬ 
man  (liquid)  1028.5  (6),  769  (23),  523?  (6).  379  (59),  356.5  (100),  331 
(52).  246  (25),  195  (27),  165  (44).  114  (17)  cm'';  mass  spectrum  (70 
eV)  m/z  (relative  intensity)  233  M*  (3),  198  [M  -  Cl]*  (100),  179  [M 
-Cl  -  F]*  (20).  163  CFjNSe*  (25),  150  SeClj*  (6),  144  CFjNSe*  (26). 

1 15  SeCI*  (19).  94  NSe*  (34),  80  Se*  (24);  chemical  ionization  mass 
spectrum  (methane)  m/z  (relative  intensity)  234  [M  -f  H]*  (100).  214 
IM  -  F]*  (33),  199  (M  +  H,  -Cl]*  (10),  198  [M  -  Cl]*  (24).  180  (M 
-t-  H.-C1  -  F]*  (7),  179  (M  -  Cl  -  F]*  (8).  150  SeClj*  (7);  ''F  NMR 
S  -50.6  (s.  CF3);  ^Se  NMR  i  1073  (q.  N— Se.  Vs_f  =  35  Hz). 

Deconpotilioa  of  CFsN—SeO;.  Samples  of  CF3N“SeCl;  were  ob¬ 
served  to  begin  to  decompose  within  30  min  at  room  temperature.  At 
first,  a  white  precipitate  formed  followed  by  a  progressive  reddening  in 
color  of  the  remaining  liquid.  A  1.53-g  sample  of  CF3N»SeCI;  left 
standing  in  an  FEP  tube  reactor  for  9  days  gave  0.33  g  of  CFjN— NCF, 
(IR.  NMR)”  as  the  principal,  volatile,  decomposition  product  following 
reaction  workup.  Although  not  identified  in  this  experiment  (see  below), 
the  white  solid  and  red  liquid  that  formed  were  believed  to  be  SeCU  and 
ScjCI;,  respectively 

In  a  separate  experiment  CF3N“SeCl2  (0,16  g,  0.7  mmol)  was  hy¬ 
drolyzed  with  HjO  (0.0270  g.  1.5  mmol).  The  volatile  products,  which 
were  identified  by  infrared  spectroscopy,  included  HCl,  COj.  and  SiF,. 

Preparatioii  of  ((PeaiafliioroetbyOiminolselcnyl  Dichloride.  Di¬ 
selenium  dichloride  (1.37  g.  6.0  mmol)  and  CjF^NClj  (2.12  g.  10.4 
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2R,N3ssS*C1j  —  tR,N=S«=NR,]  f  SeCI, 


r,N=NR, 

R,N=S*Cl2  +  S«  —  V2R,N=NR,  +  StjClj 

mmol)  were  reacted  under  the  same  conditions  given  in  method  A  for 
CF]N>»SeCIi.  The  product  C]F5N— SeCIj  (1.8i  g.  6.8  mmol)  was  iso¬ 
late  as  a  clear,  pale  ydlow  liquid  in  76%  yield.  IR  (gas)  1233  (vs),  1212 
(vs).  1134  (s).  1097  (vs),  929  (m),  754  (w).  704  (m)  cm'*;  IR  (liquid) 
1203  (vs  b).  1 1 16  (m).  1084  (s).  933  (m),  753  (w),  704  (m)  cm'';  Raman 
(liquid)  933  (3),  755  (26),  704  (3),  373  (100).  367  (66).  360  (74),  331 
(53).  314  (44),  265  (10),  168  (53).  142  (35)  cm*';  mass  spectrum  (70 
eV)  m/r  (relative  intensity)  248  (M  -  QJ*  (61),  229  [M  -  Cl  -  F]*  (35). 
214  (M  -  CFj]*  (46).  213  CjFjNSe*  (23).  194  CjF4NSe*  (29),  179  [M 
-  CFj  -  ai"  (27),  150  SeQj*  (23),  1 15  SeCT  (100),  94  NSe*  (20),  80 
Se*  (34),  69  CF]'*'  (71),  50  CF]*  (7);  chemical  ionization  mass  spectrum 
(methane)  m/z  (relative  intensity)  284  [M  +  H]'*  (100).  264  (M  -  F]* 
(71),  248  [M  -  CIl*  (65),  214  [M  -  CF,]*  (20);  '♦F  NMR  i  -86.1  (s. 
CFj),  -89.5  (s,  CF:);  ”Se  NMR  2  1088  (i.  N— Se.  Vs_f  -  36.7  Hz). 

DeeamposMoa  of  C:F3N~GsQ>  The  pentafluoroethyl  derivative  was 
found  to  decompose  in  a  fashion  similar  to  that  of  CFjN~SeCl:. 
Analysis  by  Raman  speetrosoopy  revestled  that  the  white  solid  formed  in 
the  decomposition  was  SeCLi."  AsampteofC:F]N^eQ](1.90g.7.0 
mmol)  left  stimding  in  an  FEP  tube  reactor  for  4  days  gave  C:F3N— N- 
C:Fs'’  (0.53  g,  2.0  mmol)  as  the  principal,  volatile,  decomposition 
product.  A  small  quantity  of  CFjCN  (<0  25  mmol)  was  also  found  in 
the  product  mixture. 

Rcsate  aad  DiaaMiM 

The  reactkm  of  BrCN  with  CIF  gives  a  new,  efficient  method 
for  producing  (trifhioroinethyl)dichiorainine.  Piously  the  best 
method  of  preparing  CFjNClj  relied  on  first  preparing  CF3N— 
SF}  and  then  reacting  this  material  with  CIF.* 

BrCN  +  6C1F  —  CFjNClj  +  2Clj  +  BrFj  (4) 

SF4  +  (FCN),  -1^  CFjN-SFj  —  CFjNCl:  (5) 

The  yield  in  the  BrCN  reaction  is  substantially  higher,  but  we 
have  not  attempted  to  scale  this  reaction  beyond  10  mmol. 

The  dichloramines  CF3NCI}  and  CjFsNCl:  ream  readily  wiU: 
SejCl]  to  give  the  corresponding  iminoselenyl  dichlorides  and 

SeCU. 

COiF 

3R,NClj  +  2SejClj - 3R,N— SeClj  +  SeCU  (6) 

Both  reactions  proceed  at  a  somewhat  higher  temperature  than 
does  that  of  the  sulfur  analogue  SF5N— SeClj  and  without  the 
intermediate  blackening  (elemental  Se?).*  The  trifluorometbyl 
derivative  is  also  formed  in  the  reaction  of  CF3NQ:  with  elemental 


selenium;  however,  one  cannot  rule  out  the  initial  formation  of 
ScjCl:  in  this  reaction. 

CF3NCI2  +  Se  —  CF3N— SeClj  (?) 

Diselenium  dichloride  was  also  found  to  react  with  FC(0)NCl2. 
but  the  reaction  product  was  too  unstable  to  be  isolated  and 
characterized. 

The  instability  of  the  (perfluoroalkylimino)selenyl  halides  is 
not  totally  unexpected.  It  is  surprising  that  the  major  products 
of  the  decomposition  are  not  analogous  to  those  obKrved  in  the 
decomposition  of  SF5N— SeCU-*  Only  a  small  quantity  of  CF3CN 
observed  in  the  decomposition  of  C2F3Nw«SeCl2  gave  evidence 
for  an  analogous  pathway. 

2SF5N— SeClj  —  2SF3—N  +  SeCU  +  SeF4  (8) 

2C2F5N— SeClj  —  2CF30=N  +  SeCU  +  SeF*  (9) 

Other  evidence  indicates  that  the  major  decomposition  reaction 
is  that  shown  in  eq  10.  A  possible  mechanism  for  this  decom- 

6R,N— SeClj  ^  3RfN— NRf  +  2SeCU  +  2SejClj  (10) 

position  is  shown  in  Scheme  II.  This  mechanism  is  supported 
by  the  early  appearance  of  SeCU  in  the  decomposition  and  by  the 
fact  that  both  CFjNw-SeClj  and  CjFsNvwSeClj  react  with  ele¬ 
mental  selenium  to  give  the  respective  perfluoroazoalkane  and 
a  heavy,  ted  liquid  believed  to  be  SejClj.  Sharpless  and  co-workers 
have  also  previously  proposed  selenium  diimides  as  reactive  in¬ 
termediates  in  organic  syntheses.'* 

The  Raman  stretching  frequencies  at  1028.5  cm*'  in  CFjN^ 
SeClj  and  at  933  cm*'  in  CjFsN^SeClj  have  been  assigned  to 
the  N~^  stretch.  A  similar,  unexpectedly  large  difference  in 
the  N“Se  stretching  frequencies  of  SFjN^SeClj  and  TeFf 
N— SeQj  (>-80  cm*')  has  previously  been  observed.*  A  possible 
explanation  for  this  variation  could  be  the  degree  of  association 
and/or  association  mechanism  in  these  compounds.'*  The  sel¬ 
enium-77  NMR  spectra  reported  herein  are  consistent  with  Se(IV) 
species,  and  the  observed  couplings  to  fluorine  strongly  support 
the  identity  of  the  new  compounds. 
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The  osaziridine  CFaNCFiO  (1)  cycloadds  to  various  l.l-difluoroolefms  under  mild  conditions,  forming  per- 
halo-l,3-oza2olidinas,  and  to  dialkyl  ketones,  forming  the  corresponding  1,3,4-dioxazolidines.  Reaction  of  1  with 
trimethylsilyl  cyanide  results  in  the  formation  of  (CHalaSiN^C^^NCFa  and  COF},  but  1  is  unreactive  with  other 
alkyl  nitriles  and  iaocyanides.  With  2,S-dimethyifuran  and  2,3-dimethylhutene,  1  reacts  rapidly  and  under  mild 
conditions  (~-50  *0  to  yield  CFaN^^F,  and  organic  products  derived  from  the  transfer  of  a  single  oxygen 
atom. 


Our  studies  of  the  unusual  ozaziridine  pentafluoro- 

azapropene  oxide  (PFAPO),  CF3NCF2O  (1),  have  shown 
thus  Gar  that  its  reaction  chemistry  is  similar  in  some  ways 

to  that  of  hezafluoropropene  oxide  (HFPO),  CF3CFC- 

F20.^  Both  compounds  readily  undergo  ring  opening  by 
nucleophiles,  with  attack  exclusively  at  the  central  nitrogen 
or  carbon,  respectively.  Hezafluoropropene  oxide  is, 
however,  generally  unreactive  toward  unsaturated  systems; 
cycload^tion  reactions  of  this  epoxide  with  olefins  have 
not  been  reported  and  only  a  single  cycloadduct  with 
acetone  has  been  reported.^  Pentafluoroazapropene 
oxide  in  contrast,  readily  reacts  with  a  number  of  1,1-di- 
fluoroolefins  to  form  3-(trifluoromethyi)perhalo-l,3-oxa- 
zolidines  and  reacts  readily  with  certain  ketones  to  form 
2,2-disubstituted  5,5-difluoro-4-(trifluoromethyl)-l,3,4- 
dioxazoUdines. 

Additional  differences  in  reactivity  between  HFPO  and 
PFAPO  are  indicated  by  the  isomerization  of  HFPO  to 
hexafluoroacetone  with  SbF,,^  whereas  PFAPO  forms  a 
high  percentage  of  a  dimer  along  with  small  amounts  of 
higher  oligomers.^  Finally,  in  this  work  we  report  the 
facile  oxygen  atom-transfer  reaction  of  PFAPO  with 
electron-ri^  alkenes,  a  reaction  not  observed  with  HFPO. 

Experimental  Section 

Geaeral  Methods.  All  work  was  carried  out  in  Pyrex  or 
itiiinlnm  steel  (types  304  and  316)  vacuum  systems  equipped  with 
glaas-Teflon  or  stainless  steel  valves.  Pressures  were  measured 
with  a  Wailaoa  and  Tieman  Series  1500  differential  pressure  gauge. 
Quantities  of  reactants  and  products  were  measured  by  direct 
weighing  or  by  PVT  measurements.  Temperatures  were  measured 
by  using  a  digital-indicating  iron-constantan  thermocouple. 


(1)  Work  don,  in  part  at  Kanaas  State  Univaraity.  Manhattan,  KS. 

(2)  (a)  Ssfciya,  A.;  OasMattaau,  O.  O.  J.  Org.  Cham.  1979, 44, 1131.  (b) 
Laaa.  W.  Y.;  DasMarteau.  D.  O.  J.  Am.  Chem.  Soe.  19^  104.  4034. 

(3)  (a)  Tarrant,  P.:  AUiaon,  C.  G.;  Barthold.  K.  P.;  Stump.  E.  C.,  Jr. 
fluorine  Chtm.  Rto.  1971, 3,  T!.  (b)  lahikawa.  N.  L  Synth.  Org.  Chtm. 
1977,  35,  331. 

(4)  Sianasi,  0.;  Paaatti.  A;  Tarli.  F.  Fr.  Patent  1 503361,  1967;  Chtm. 
Abttr.  1969.  70.  4100A 

(5)  ttnglml.  D.  C.;  Kreapan.  C.  G.  Preaanted  at  the  10th  International 
Symposium  on  Fluorine  Chemistry,  Vancouver,  Canada.  Aug  1-6, 1982; 
Abstract  Organic  4. 


Infrared  spectra  ware  recorded  with  a  Perldn-Elmer  337, 1330, 
180,  or  1430  spectrometer  using  a  10-cm  glass  cell  fitted  with  AgCI 
or  KCl  tvindotvs.  NMR  spectra  were  recorded  with  a  Varian 
XL- 100-15  spectrometer  by  using  ~80  mol  %  CFCI3  as  a  solvent 
and  an  internal  reference  or  with  a  JEOL  FX-90Q  spectrometer 
by  using  various  deuteriated  media  as  both  solvent  and  internal 
lock  and  ~1%  CFCI3  as  the  internal  reference.  Hydrogen 
chemical  shifts  are  reported  relative  to  internal  (CH3)4Si. 

Maas  spectra  were  recorded  with  either  a  Finnigan  4021-C  or 
a  Hewlett-Packaxd  5985B  instrument  at  70  eV  for  electron-impact 
(El)  and  chemical  ionization  [CI.CH,]  spectra.  Samples  were 
introduced  by  direct  gas  injection. 

Melting  points  were  determined  by  a  modified  Stock  procedure. 
Vapor  pressures  as  a  function  of  temperature  were  determined 
by  using  a  small  isoteniscope.*  Elquations  describing  pressure 
as  a  function  of  temperature  were  obtained  by  a  least-squares  fit 
of  the  data  to  both  linear  and  quadratic  equations,  and  the  best 
fit  is  reported. 

For  further  purification  of  reaction  prodacts,  OLC  was  carried 
out  with  a  Victoreen  Series  4000  gas  chromatograph  equipped 
for  gas  injection,  TCD,  and  low-temperature  collection.  Columns 
of  10,  2,  or  1  ft  X  ^/s  in.  packed  with  35%  Halocarbon  11-21 
polymer  oil  on  acid-washed  Chromosorb  P  were  used. 

Reagents.  The  olefins  were  commercially  available  and  were 
used  as  received.  Other  organic  reactants  were  purified  by  dis¬ 
tillation  under  vacuum.  Osaziridine  1  was  prepared  as  described 
previously.’ 

Gener^  Procedure  for  Reaction  of  Oxaziridine  1  with 
Olefins.  To  a  ~  100-mL  Pyrex  vessel  fitted  with  a  glass-Teflon 
valve  were  added  1  (1-3  mmol)  and  an  equamolar  amount  of  olefin 
by  vacuum  transfer.  The  mixture  was  then  heated  at  33-100  "C 
for  ~18  h,  unless  otherwise  noted.  The  products  were  separated 
by  vacuum  fractionation  through  a  series  of  cold  traps,  followed 
by  GLC  as  needed. 

(a)  With  CF2^^F3.  Perfluoro-3-methyloxazolidine  (2a)  was 
obtained  in  60%  yield;  bp  21  ®C;  log  P  (torr)  *  6.969  -  (949.14/  T) 
-  (74200/ r*);  =  6.63  kcal/mol;  XS„^  =■  22.6  eu:  IR  (gas) 

1415  (m),  1360  (s),  1325  (vs).  1245  (vs),  1165  (m).  1080  (m),  1010 
(m).  960  (vw),  910  (m).  745  (w),  700  (w),  680  (w),  380  (w)  cm  '; 
MS  (Cl.  major),  m/r  250  [(M  +  I)-”],  230  ((M  +  1  -  HF)*],  200 
[(M  +  1  -  CFj)-'-].  183  (CaF-N-”).  154,  152,  134  (CjHFjN*).  114; 
MS  (EL  major),  mji  (relative  inteirsity)  249  (M*).  230  1(M  -  F)*, 
100),  199  [(M  -  CFi)”],  163  ((M  -  COFi)®],  180,  164  (CjF^N*). 


(6)  Smith,  A.;  Menzies,  A.  W.  C.  J.  Am.  Chtm.  Soc.  1910.  32.  ^97 
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153, 142  (C3F4NO*).  134, 133, 131, 130, 119, 116  (C2F4NO*,  100), 
114  (C2F4N*),  100,99,97,95,92,  69  (CF,*),  65, 50  (CF,*),  47, 44; 

‘»F  NMR  (CFj^NCF2®OCF2<=CFj°)  (CFCy  S  A  -57.5,  B  -58.2, 
C  —86.5,  D  —93.3  *  6.8,  «/bc  *  3.4,  ^  1.5,  </ad  *  6,8,  tfsQ 

«  6.8  Hz). 

(b)  With  CFj— CFCl.  4-Chloro-3-(trifluoromethyl)per- 
fluoroozazolidine  (2b)  was  obtained  in  78%  yield:  bp  51  “C;  log 
P  (torr)  -  6.230 -  (717.6/7)  -  (119500/7*);  AH„p  -  6.66  kcal/moU 

«  20.5  em  IR  (gas)  1430  (vw),  1370  (m),  1315  (va),  1245  (va), 
1185  (m),  1145  (m),  1095  (m),  1075  (m),  1025  (m),  945  (m),  870 
(m),  785  (vw),  740  (m).  695  (vw),  620  (vw)  cm'‘;  MS  (Cl,  major) 
m/z  (relative  intensity)  266  ((M  +  1)*,  weak],  248/246  ((M  +  1 

-  HF)*,  lOOJ,  230  [(M  +  1  -  HCl)*],  134  (CjHFiN*);  MS  (El, 
major),  m/z  (relative  intensity)  230  ((M  -  Cl*^)],  182/180  [(M  - 
CF,0)*1, 164  (C»F^*),  132/130  (CjClFjN*),  116  (CjFfi*).  lU 
(C2F4N*),  113,  95,  87,  85,  76,  69  (CF,*,  100),  66,  50  (CFj*),  47; 

‘»F  NMR  (CF3*NCF“F«0CF®F®CF'C1)  (CFClj)  S  A  -56.5,  B 
-57.4,  C  -60.9,  D  -76.7,  E  -88.0,  F  -76.1  (Jab  ■  ■  </a/  =*  7, 

«/bC  “  93*  *708  *  *^BDof  BB  “  JcBwCD  “  6-5,  Jef  5-5,  «/bf 
5.5  Hz). 

(c)  With  CFj^CFBf.  4-Bromo-3-(trifluoromethyl)per- 

fluoroozazolidine  (2c)  was  obtained  in  85%  yield:  bp  65  °C;  log 
P  (torr)  -  7.622  -  (1604.8/7);  «  7.34  kcal/mol;  = 

21.7  eu;  IR  (gas)  1420  (vw),  1400  (w),  1365  (vs),  1290  (vs),  1210 
(vs),  1185  (m),  1145  (m),  1115  (w),  1090  (m),  1065  (m),  1020  (m), 
920  (m),  355  (m),  740  (m),  695  (vw),  620  (vw);  MS  (Cl,  major), 
m/z  (relative  intensity)  292/290  ((M  +  1  -  KO*.  100],  230  ((M 
+  1  -  HBr)*],  211  (C4F7NO*),  134  (C,HFjN*);  MS  (El,  major), 
m/z  (relative  intensity)  230  [(M  -  Br)'^],  226,  224,  174,  164 
(CjFuN*),  160, 159, 131/129  (CBrF,*),  113  (CJF<N*),  94, 91, 81/79 
(Br*),  76,  69  (CFj*.  100),  50  (CF,*),  47;  ‘»F  NMR  (CF,*- 

NCF“F«OCF“F*CF'Br)  (CFCl,)  i  A  -56.4,  B  -56.1,  C  -59.6,  D 
-71.6,  E  -87.9,  F  -71.5  (Jab  *  •^ac  *  “^af  *■  7.8,  Jbc  *  Job  “ 
125,  Jso  ^  5,  Jen  **  4,5  Hz). 

(d)  With  CF}*^Clj.  4,4-Dichloro-3-(trifluoromethyl)per- 
duotoosBzoiidine  (2d)  was  obtained  in  81%  yield:  vapor  pressure 
(torr  (‘O]  46.2  (9.8),  99.9  (26.2),  124.7  (31.8);  IR  (gas)  1410  (vw), 
1390  (w),  1350  (s),  1295  (vs),  1255  (s),  1205  (vs).  1165  (m),  1130 
(m),  1020  (m),  930  (w),  865  (m),  830  (m),  765  (vw),  730  (m).  605 
(vw),  585  (vw),  540  (vw)  cm‘‘;  MS  (Cl,  major),  m/z  (relative 
intensity)  284/282  ((M  +  1)*,  weak],  266/264/262  [(M  +  1  - 
HF)*],  248/246  [(M  +  1  -  HCD*.  100],  229,  228,  227,  149 
(CfFsNO*);  MS  (^  major),  m/z  (relative  intensity)  248/246  ((M 

-  a)*],  198, 196, 182/180  (CjClFsN*).  148. 146, 145, 134, 132, 130, 
114,  113,  111,  103,  100,  87/85  (CFaCl*),  82,  76.  69  (CFj*,  100), 

66.  50(CF,*),  47;  '»F  NMR  (CF3*NCF,®OCF,<=CCl,)  (CFCI3)  S  A 
-56.1,  B  -58.1.  C  -79.6  (Jab  -  7.7,  Jbc  •  3  Hz). 

(a)  With  CF3»K3FCF*CF2.  3-(Trifluoromethyl)-4-(tri- 
t2uorovinyl)perfluoro-l,3-ozazoUdine  (2e)  was  obtained  in  71% 
yield:  glam,  flows  —105  ’C;  IR  (gas)  1785  (s,  CF“CFj),  1370 
(vs),  1345  (vs).  1300  (vs),  1265  (vs),  1220  (vs).  1165  (vs),  1125  (m), 
1080  (s),  1020  (s),  935  (s),  885  (w),  870  (s),  800  (w),  745  (s),  700 
(w),  665  (w).  625  (w).  585  (w).  555  (w),  495  (w)  cm'*;  MS  (Cl. 
major),  m/z  (relative  intensity)  312  (MH'^,  weak),  311  (M'^),  293 
[(M  +  1  -  HF)*,  100],  292,  226, 176  (C4F»N*).  157  (C4F5N*),  69 
(CF3*);  MS  (El,  major)  m/z  (relative  intensity)  311  (M*),  245  ((M 

-  COF,)*],  226, 195, 181, 178  {CJFtO*),  177, 176  (C4F,N*.  100), 
159  (C4F5N*),  131,  116, 114, 112,  109,  69  (CF3*);  ‘»F  NMR  (380 

MHz)  (CF3*NCF®F“'0CFCF®'CF0(CF*— CF'F«)]  (20:80 
CDClj/CCg  S  A  -57.04,  B  -57.40,  B'  -57.88,  C  -77.69,  C'  -88.87, 
D  —134,  E  —182,  F  —87.04,  G  (trans  to  E)  —106  (Jew  “  33,  Jee  * 
134,  Jdf  *  42,  JsG  *  1 13,  Jfo  »  55  Hz,  others  not  readily  de- 
termini). 

(f)  With  CFj— CHF.  2,2,4,4,5-Pentafluoro-3-(trifluoro- 
methyl)-1.3-oxazolidine  and  2,2.4,5.5-pentafluoro-3-(trifluoro- 
methyl)-1.3-oiazolidine  (3a  and  3b)  were  formed  in  a  ca.  40:60 
ratio,  in  33%  yield:  IR  (gas)  3335  (w),  3025  (w),  1770  (w),  1410 
(m).  1345  (vs),  1285  (s).  1215  (vs),  1140  (s),  1110  (s).  1075  (m), 
1010  (s).  986  (m).  905  (m).  825  (m).  790  (m).  685  (w).  620  (w).  575 
(w),  475  (w)  cm'*;  M,  calcd  231,  found  222;  '*F  NMR  CF3*- 

NCF“F<=OCH*F'*'CF'>F*  (major  isomer.  C»D.)  6  A  -57.2,  B.  C 
-51.3.  -60.8.  D,  E  -84.2.  -100.4.  M  -132.2,  X  5.02  (overlaps  X  of 
minor  isomer)  (Jbc  *  38.  J^g  *  180,  J^x  ®  60  Hz);  '*F  NMR 


CF3*NCFBli«OCP«>F«CHXF»‘  (minor  isomer)  S  A  -57.8.  B,  C 
' — 55.6,  —57  (overlaps  F^  of  major  isomer),  D,  E  -75.8,  -92.4 
M  -144.8,  X  4.92  (Jbc  -  62.  Jng  »  140,  Jmx  *  68  Hz). 

(g)  With  CFj*<Bf2.  4,4-Dibromo-3-(trifluoromethyl)per- 
fluoro-l,3-ozazolidine  (2f)  was  obtained  in  25%  yield:  IR  (gas) 
1415  (vw),  1385  (vw).  1350  (s).  1295  (vs),  1250  (s),  1210  (vs).  1190 
(s),  1160  (m),  1120  (m),  1090  (vw),  1020  (m),  905  (w),  835  (m), 
790  (m),  755  (w),  725  (m),  655  (vw)  605  (vw),  580  (vw),  525  (vw) 
cm'*;  MS  (Cl,  major),  m/z  (relative  intensity)  353/351/347  [(M 
+  1  -  HF)*],  292/290  [(M  -  Br)*,  100],  286,  241,  239,  226,  224, 
134;  MS  (El,  major),  m/z  (relative  intensity)  291/289  [(M  -  Br)*], 
226, 223, 190, 159/157  (C,BrF,0*),  145, 131/129  (CBrFj*),  115, 
113,  111,  109,  91.  85,  76,  69  (CFj*.  100);  *»F  NMR  (CF,*- 

NCFj^OCFjCCBrj)  (CFCl,)  S  A  -56.2,  B  -58.1,  C  -75.8  (Jab  =  8. 
Jbc  *  2.8  Hz).  Dibiomofluoroacetyl  fluoride  was  isolated  in  ~70% 
yield:  IR  (gas)  1875  (s),  1210  (a),  1120  (s),  1025  (m),  930  (w),  915 
(m).  820  (m).  685  (w),  640  (w),  625  (w)  cm'*;  MS  (El.  major)  m/z 
(relative  intensity)  240/238/236  (M*),  193/191/189  (CBrjF*), 
159/157  t(M  -  Br)*,  100],  131/129  (CBrF,*):  ‘»F  NMR 
(CBr,F*COF*)  (CFCl,)  S  A  -66.6,  X  7.40  (Jax  =  18  Hz).  When 
1  and  CF,^]Brj  were  allowed  to  react  at  —  23  "C  for  18  h,  only 
CBr,FCOF  and  CF,N“CF,  were  isolated. 

(h)  With  CF2’~CH,.  a  clear,  nonvolatile  oil  was  obtained: 
MS  (El,  major)  m/z  570,  429,  407,  357,  341,  321,  291;  *»F  NMR 
(acetone/ CFCl,)  5  -56.3  (br  m,  5  F,  CF3NCF,),  -77.0  (br,  2  F, 
CF2CH,);  *H  NMR  (acetic  acid-d,/ acetone)  S  4.0  (br  t,  CF2CH2, 
Jhf  “  3  Hz). 

(i)  With  CF3CF^!;F2.  The  reaction  mixture  was  heated  at 
150  *C  for  18  h.  A  clear,  nonvolatile  oil  and  a  trace  of  volatile 
oxazolidine  were  obtained*  IR  (gas)  1380  (s),  1295  (vs),  1220  (vs), 
1175  (s),  1140  (m),  1120  (m),  1095  (w),  1030  (m),  1005  (w).  970 
(m).  895  (m),  870  (w),  755  (vw),  730  (m),  625  (vw),  580  (vw);  MS 
(Cl.  major),  m/z  (relative  intensity)  300  ((M  +  1)*],  281  [(MH 
-  F)*],  280  ((M  -  F)*,  100],  230  [(M  -  CF,)*],  214  (C*F»N*),  164 
(CsFgN*),  114  (C2F«N*),  100,  95,  76,  69  (CF,*,  100),  50  (CF,*), 

47;  "SF  NMR,  (CF3*NCF®F®'OCF«FC'CF“CP,®)  (CFQ,)  0  A  -56.1, 
B  and  B'  -57.5,  C  -79.3,  C'  -86.8,  D  -139.9,  E  -76.9  (J^  »  Jab* 
=•  Jad  *  <^AB  =*  8.  <^cc*  *  135  Hz,  other  values  not  readily  deter¬ 
mined). 

Reactions  of  1  with  Ketones.  In  a  typical  preparation,  1.0 
mmol  each  of  1  and  the  ketone  was  condensed  into  a  —  140-mL 
Pyrex  vessel  and  left  at  ~23  *C  for  18  h.  Trap-to-trap  frac¬ 
tionation,  followed  by  GLC  purification,  afforded  the  2,2-disub- 
stituted  5,5-difIuoro-4-(trifluoromethyl)dioxazolidine. 

(a)  With  Acetone.  5,5-Difluoro'2,2-dimetbyl-4-(trifluoro- 
methyl)-l,3,4-dioxazolidine  (4a)  was  obtained  in  75%  yield:  IR 
(gas)  3010  (m),  2950  (w),  1865  (impurity,  m),  1460  (w),  1385  (m), 
1290  (vs).  1210  (vs),  1150  (m),  1110  (m),  1030  (s),  1005  (m),  975 
(m),  905  (m),  875  (w),  830  (w),  760  (w),  690  (w),  640  (w),  550  (w), 
525  (w)  cm'*;  MS  (Cl,  major),  m/z  (relative  intensity)  208  (MH*), 
207, 189, 188  l(M  + 1  -  HF)*,  100],  182, 178, 170, 150  (C,HF5NO*), 
143, 142  t(M  +  1  -  COF,)*],  141, 124, 123, 122  (C4H,F2NO*),  112; 
MS  (El,  major),  m/z  (relative  intensity)  207  (M*),  192  [(M  - 
CH,)*],  188  [(M  -  HF)*],  150  (CjHFsNO*),  149, 142, 141  ((M  - 
COFj)*].  122  (C«H^0*),  85, 69  (CF3*),  61,  58.  57,  47.  43  (100), 
42,  41,  40,  39;  ‘»F  and  ‘H  NMR  see  ref  2b. 

(b)  With  2-Butanoae.  5,5-DifIuoro-2-methyl-2-ethyl-4-(tri- 
fluoromethyl)-l,3,4-dioxazolidine  (4b)  was  obtained  in  35%  yield: 
mp  -108  to  -107  ‘C;  IR  (gas)  2990  (m),  2955  (w),  2900  (w),  2430 
(w),  1465  (w),  1390  (w),  1310  (vs),  1285  (vs),  1215  (vs),  1180  (m), 
1150  (m).  1120  (m),  1040  (s),  995  (m),  945  (m),  915  (m),  820  (w), 
770  (w),  720  (w),  690  (w),  645  (w)  cm'*;  MS  (Cl.  major),  m/z 
(relative  intensity)  222  ((M  +  1)*],  221,  203,  202  [(M  -I- 1  -  HF). 
100],  192, 178, 156  ((M  +  1  -  COFj)*],  155, 150  (C^HFjNO*),  137, 
136  (CjHFjO*),  137,  136  (CjHFjO*),  112,  73  (C4H9O*).  72.  69 
(CF3*),  57, 55;  MS  (El,  major),  m/z  (relative  intensity)  221  (M*), 
206  ((M  -  CH,)*].  192  ((M  -  CjHj)*],  172, 155, 150  (CiHFjNO*, 

100),  149, 72, 69, 57. 55;  *»F  NMR  [CF3*NCF,bOC(CH,)(C,H,)01 
(acetone-d,)  S  A  -68.14,  B  -67.35  (Jab  =■  Hz);  *H  NMR 

[CF,NCFj0C(CH,*)(CH,®CH,C)01  (acetone-d»)  6  A  1.71,  B  2.03, 
C  1.02  (Jbc  =  15  Hz). 

(c)  With  3,3-Dimethyi-2-butanone.  5,5-Difluoro-2-methyl- 
2-(err-butyi-4-(trifIuoromethyi)-l.3.4-dioxazolidine  (4c)  was  ob¬ 
tained  in  A0%  3aeld:  mp  -94  *C;  IR  (gas)  3010  (w),  2980  (m),  2925 
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(w).  2890  (w),  1485  (w),  1385  (m),  1310  (vs).  1280  (s).  1250  (s), 
1225  (s).  1205  (s).  1160  (s),  1145  (s).  1080  (m),  1035  (m),  995  (m), 
950  (m).  920  (w),  845  (w),  690  (w),  670  (w)  cm'*;  MS  (Cl.  major), 
m/*  (rdative  intensity)  250  ((M  +  !)♦].  231, 230  [(M  +  1  -  HF)*!, 
202,  192  [(M  -  C«H,)*],  184  ((M  +  1  -  COPj)*].  165,  164 
(CtHuF^O*),  150, 136. 103, 102, 101  (CgHuO*),  100, 84  (CFjN*, 
100),  83, 69  (CF3'*’),  57;  MS  (El,  major),  m/z  (relative  intensity) 
249  (M^  weak)  193  [(M  -  C4Hg)*I.  172,  150  (CjHFjNO*),  100, 
86, 84, 83  (CFjN*),  69  (CF,*),  58, 57,  (C«H,*,  100),  35;  ’»F  NMR 

(CF3*NCF,“OC[CH3](C(CH3)3lO)  (benzene-d*)  complex  A3B3 
pattern,  most  intense  peak  S  -68.31;  NMR  (CF3NCF2OC- 

[CH/itciciyTib)  (benxene-ds)  S  A  1.26,  B  0.77. 

(d)  With  3-Baten-2-one.  5,5-Oifluoro-2-methyi-2-vmyl-4- 
(trifluoromethyl)-l,3,4-diozazolidine  (4d)  was  obtained  in  32% 
yield:  bp  (extrapolat^,  ~60  *C  dec)  95  "C;  log  P  (torr)  a  6.7997 
-  (107ai/T)  -  (r35017/T*);  A/f„p  -  82.85  kcal/mot  =>  22.5 
eu;  IR  (gas)  3110  (w),  3040  (w),  3010  (w),  2950  (w),  1450  (m),  1420 
(m),  1385  (m),  1295  (vs),  1220  (vs),  1150  (vs),  1100  (m),  1030  (s), 
995  (s),  950  (s).  920  (m),  825  (w).  775  (w),  700  (w).  660  (w),  630 
(w)  em'h  MS  (Cl,  major),  m/z  (relative  intensity)  220  [(M  1)^], 

201  [(M  -  F)*l.  200  [(M  +  1  -  HF)*,  100),  178,  154  [(M  +  1  - 
COF,)),  153, 152, 150, 134  (CjH«F2NO*),  71  (C4H70*);  MS  (El, 
major),  m/z  (relative  intensity)  219  (M^),  204  [(M  -  CHs)'^].  192 
[(M  -  Ctifs)*].  153, 152  (100),  ISO,  149,  70,  69  (CFj*),  55,  54,  53; 

«P  NMR  (CF,*NCF,®0(CH,)(CH— CH,)OI  (20:80  CDCI3/CCI4) 
complex  AsBf  pattern,  most  intense  peak  5  -68.98;  ‘H  NMR 

(CF,NCFjOC(CH,A)(CH‘^H“H'*)61  (20:80  CDC1,/Ca4)  S  A 
1.76,  L  (trans  to  N)  3.78,  M  5.46,  N  ~6.0  («/i  w  1.5,  djjj  » 

»  10  Hz). 

Reactions  of  1  with  2,5-Dimethyifiiran  and  24- Di- 
mathylbutene.  In  each  case,  1.0  mmol  each  of  1  and  the  organic 
coraactant  was  condensed  (-196  *C)  into  a  140-mL  Pyrez  vessel 
having  a  10-mm  NMR  tube  attached  to  ita  neck.  The  region  of 
the  vessel  containing  the  reactants  was  then  immersed  in  an 
ethanol  bath  held  at  ~-50  to  -40  *C.  At  the  end  of  the  reaction 
period  (~  15  min  for  2,5'dimethyifuran,  1  h  for  2,3-dimethyi- 
butene)  volatile  materials  were  pumped  out  (at  -40  ’’C  for  2,5- 
dimethylfuran,  -100  *C  for  2,3-dimethylbutene)  into  a  -196  "C 
trap.  The  volatile  materials  were  shown  by  IR  to  consist  primarily 
of  CF3N~K3F3,  traces  of  unreactive  impurities  from  preparation 
of  1,  and  a  small  amount  of  unreacted  1.  The  reactor  was  then 
cooled  to  -196  "C,  and  sufficient  C^De  to  make  a  —  1  M  NMR 
sample  was  condensed  in,  along  with  (CH3)4Si  as  an  internal 
standard.  The  sample  was  rapidly  melted  and  poured  into  the 
attached  NMR  tube,  which  was  then  cooled  to  -196  *C  and  sealed 
under  vacuum.  The  samples  were  stored  at  -196  "C  until  im¬ 
mediately  before  acquiring  the  NMR  spectra. 

NMR  of  materials  from  oxidation  of  24-dimethylbutene:  'H 
(C^Dj)  S  1.11  (s,  tetramethyloxirane);  ^  S  21.15,  61.46  (tetra- 
methyioxirane)  [lit.’  S  21.2, 61.7  (61.2)].  No  absorptions  attrib¬ 
utable  to  2,3-dimethylbutene  were  seen. 

NMR  of  materials  from  oxidation  of  2,5-dimethyifuran: 
(CsD«)  i  5.70,  1.87  (large  s,  c(S-3-hexene-2,5-dione),  S  5.77,  2.06 
(small  s,  2,5-dimethylfuran),  1.42, 1.33; (C«D«)  S  199.8  (car¬ 
bonyl),  29.25  (methyl),  135.5  (olefin)  (attributable  to  cts-3-hex- 
ene-2,^dione|,  13.44,  106.5,  150.3  [attributable  to  2.5-di- 
methylfuran).  No  other  ‘^C  signals  were  observed  initially.  An 
overnight  run,  however,  led  to  extensive  decomposition  as  seen 
both  by  spectral  changes  and  darkening  of  the  sample. 

In  a  separate  experiment,  1.0  mmol  each  of  I  and  2.5-di- 
methylfiinm  was  condensed  into  a  ~  140-mL  Pyrex  vessel  and 
allow^  to  react  as  described  above.  .After  pumping  off  the 
CFsN^H^Fs,  the  yellowish/greenish/white  largely  crystalline 
material  remaining  in  the  flask  was  allowed  to  warm  to  room 
temperature.  It  turned  red  immediately  upon  melting.  The 
infrared  spectrum  (liquid  Aim)  indicate  that  the  oxidation 
product  was  cu-3-hexene~2,5-dione:  1685  (s.  C”0),  1613  (s, 
cts-alkene)  cm'‘  [lit’  1689,  1613  cm'*]-  A  broad  hydroxyl  ab¬ 
sorption  was  also  seen.  We  attribute  this  to  water,  as  the  dione 

(8)  (a)  Paulson,  D.  R;  Tang,  F.  Y.  N.;  Moran,  G.  P.;  Murray.  S.: 
Pelka,  B.  P.:  Vasques,  EL  M.  J.  Org.  Chtm.  1975,  40,  184.  (b)  Davies,  S. 
G.;  Whitman,  G.  H.  J.  Chem.  Soc.,  Perkin  Trane.  2  1975,  861. 

(9)  Leviaallea,  1.  Bail.  Soc.  Chim.  Fr.  1957.  997. 


is  known  to  be  highly  hygroscopic.’  The  material  remaining  in 
the  flask  decomposed  to  a  black  sludge  overnight. 


Results  and  Discussion 

Cycloadditions  with  OleHns.  Oxaziridine  1  reacts 
readily  and  regiospecifically  with  a  number  of  simple 
l.l-difluoroolefins  under  mild  conditions  (50-100  °C)  to 
afford  good  yields  of  the  corresponding  3-(trifluoro- 
methyl)perhalo-l,3-oxazolidines  2  (eq  1). 

^  F  F 

CF3  —  N^-HlFj  +  FjCrrCXY  F3C  — (1) 

Y  F 

2 

2a.  X.Y.F;  b.  X«F.Y.CI:  e,  X»F.  Y-Br.  d.  X-Y.Cl ,  a.  X.F, 
Y-CFCFj,  t.  X.  Y.Br 

The  nature  of  the  reactivity  of  olefins  with  I  begins  to 
change  when  the  oleHn  is  substituted  with  hydrogen  or 
triiluoromethyL  While  I  cycloadds  readily  to  (iF2=CHF, 
the  yield  is  poor,  and  much  less  regioselectivity  is  seen:  a 
40:60  mixture  of  3a  and  3b  is  obtained  (eq  2).  Reactions 


F  F  F  F 

Pv  «  y  y 

CF3  — N-CFj  +  '\c=C'^  —  CFj-n'^O  +  CFs-n'^O 

'  '''  "M"  "M" 


(2) 


of  1  with  CF2=CH2,  CFH=CFH  (mixtures  of  cis  and  trans 
isomers),  and  CFaCF^CFj  afforded  nonvolatile  oils  which 
may  be  copolymers  of  the  olefins  and  the  oxaziridine,  since 
both  of  the  starting  materials  are  consumed.  [In  the  re¬ 
action  with  CF3CF*=CF2,  a  trace  of  oxazolidine  (reaction 
1,  X  ®  F,  Y  =  CF3)  was  obtained.] 

Attempts  to  carry  out  the  cycloaddition  of  1  with  C3H4, 
CFC1=CFC1,  perfluorocyclopentene,  perfluoro-2-butyne, 
acrylonitrile,  and  acetylene  (with  which  no  reaction  was 
obs^ed  even  at  150  ”(3)  failed;  the  starting  materials  were 
recovered  in  each  case. 

To  account  for  the  reactivity  of  I  with  the  above  olefins, 
we  propose  that  the  [2  3]  cycloadditions,  involving  ring 

opening  via  the  nitrogen-oxygen  bond,  could  occur  in  two 
ways:  a  biradical  mechanism  in  which  the  products  are 
determined  by  the  relative  stabilities  of  the  intermediate 
radicals  or  by  formation  of  a  1,3-dipolar  species  CF3N'^- 
CFoO’,  where  the  products  are  controlled  by  the  nucleo¬ 
philic  attack  of  the  oxygen  of  the  1,3-dipolat  species  on 
the  aikene.  Either  route  can  serve  to  explain  the  observed 
regiospecificity  of  the  additions  and  both  are  consistent 
with  the  relative  reactivity  of  the  oiefim.  These  proposals 
are  illustrated  in  eq  3  for  CF2=CCl2. 


CF3-N-CF2  Cf^  =  CCl2 


F  F 

y  CF3 


F  F 


F  F 

F-\ - ^Cl  (3) 


Reaction  path  3A  is  supported,  in  part,  by  analogy  to 
the  well-known  [2  +  2]  thermal  cycloadditions  of  l,l-di- 
fluoroolefins  which  are  generally  accepted  as  proceeding 


Cycloaddition  and  Oxygen-Transfer  Reactions 


J.  Org.  Chem.,  Vol.  31,  No.  23,  1986  4469 


via  a  biradical  tranaition  state.  In  this  case,  the  more 
nucleophilic  and  less  hindered  oxygen  of  1  attacks  the 
1.1-difluoromethylene  carbon  of  the  olefin  to  give  the  most 
stable  intermediate  biradicaL  The  similarity  of  this  process 
to  that  of  the  [2  -i-  2]  cycloadditions  of  fluoroolefins  is 
reinforced  by  t^  fact  that  a  1,1-difluoroolefin  reactant  is 
rigorously  required  in  both  cases.  Reaction  path  3B,  while 
consistent  with  the  expected  nucleophilic  attack  on  C- 
Fj^OClj,  is  disfavored  by  the  fact  that  examples  of  1,3- 
dipolar  additions  to  fluoroolefins  leading  to  five-membered 
rings  are  rare.  A  more  definitive  resolution  of  this  inter¬ 
esting  mechanistic  question  must  await  further  work. 

The  perhalooxazolidines  2  are  stable  compounds  of  low 
reactivity  (with  the  exception  of  2e,  which  contains  a  re¬ 
active  thfluorovinyl  group).  No  decomposition  of  com¬ 
pounds  2a-f  was  noted  during  handling  in  glass  or  stainless 
steel  vacuum  systems  or  in  contact  with  mercury  at  room 
temperature.  low  reactivity  of  2a,  prepared  by  another 
method,  has  been  reported  previously.^^  In  addition  to 
the  reagents  reported  in  ref  11,  we  have  found  2a  to  be 
unreactive  with  CsF,  chromic  acid,  and  KMnO^  in 
water/ tert-butyl  alcohol.  Compound  2a  was  recovered 
unchanged  upon  heating  alone  at  110  or  with  CsF  at 
60  *C. 

The  assigned  structures  of  the  oxazolidines  were  strongly 
supported  by  their  '*F  NMR  spectra.  The  two  doublets 
of  a  typical  AB  pattern  arising  from  the  methylene  fluo¬ 
rines  at  both  C-2  and  C-5  of  oxazolidines  2b  and  2c  clearly 
demonstrate  the  magnetic  nonequivalence  of  each  member 
of  each  of  the  pairs;  this  nonequivalence  is  induced  by  the 
chiral  center  at  C-4  in  2b  and  2c.  Similarly,  the  spectra 
of  3a  and  3b  are  complicated  by  the  chiral  center  at  C-4 
and  C-3,  respectively.  The  spectrum  of  2a  agrees  with 
that  report^  earlier.'^ 

OxazoUdine  2e  gave  rise  to  a  highly  complex  90-MHz 
‘’F  NMR  spectnim,  as  all  eight  of  the  ring  and  olefinic 
fluorines  are  magnetically  nonequivalent,  and  extensive 
coupling  of  the  ring  fluorines  both  with  each  other  and  with 
the  olefinic  fluorines  was  observed.  The  spectrum  was 
simplified  considerably  when  obtained  at  380  MHz.‘^ 

Oxygen  Atom  Transfer.  The  reaction  of  1  with  hy¬ 
drocarbon  olefins  other  than  ethylene  reveals  a  striking 
new  reaction  path:  instead  of  forming  a  cycloadduct,  1 
transfers  its  oxygen  atom  to  the  olefin,  forming  CFaN^ 
CFj. 

This  process  is  illustrated  in  eq  4  for  2,3-dimethylbutene, 
which  gives  tetramethyloxirane  as  the  sole  oxidation 
product. 

,0  Q 

FjC-N-CF,  4-  >=<  +  CF3N=CF2  (4) 

Similar  reactions  have  been  observed  by  others,'*  using 
2-(phenylsulfonyl)-3-aryloxaziridines  as  the  oxygen-transfer 
agents.  Our  results  contrast  with  these  in  that  1  effects 
the  oxidation  rapidly  and  under  extremely  mild  conditions 
(-50  ®C,  ~  1  h),  whereas  the  analogous  reactions  with  the 
2-(phenylsuifonyl)-3-aryloxaziridines  require  comparatively 


(10)  Chambtn.  R.  D.  Fluorine  in  Organic  Chemutry,  Wiley- Inter- 
science:  New  York.  1973;  pp  179-189.  Sharkey,  W.  H.  Fluorine  Chem. 
Rev.  19«.  2.  1. 

(11)  Banks.  R.  E.;  Burling,  E.  D.  J.  Chem.  Soe.  1945.  6077. 

( 12)  Spectrum  obtained  at  the  Southeaetem  Regional  Instrumentation 
Center.  Columbia.  S.C. 

(13)  For  structurally  related  compounds,  see;  Dungan.  C.  H.;  Van 
Waier.  J.  R.  Compilation  of  Reported  '*F  Chemical  Shifts  1951  to  mid 
1967-.  Wiley-Interscisnce;  New  York.  1970. 

(14)  Davie,  F.  .4.;  Abdul-Malik.  N.  F.;  Curad.  3.  B.;  Harakal.  .\f.  E. 
Tetrahedron  Lett.  1981.  22.  917 


harsh  conditions  (60  *C,  3  h). 

Oxaziridine  1  oxidizes  2,3-dimethylfuran  even  more 
readily  than  it  oxidizes  2,3-dimethyi-2-butene.  In  this 
the  fiaal  product  is  cu-^hexene-2,5-dione.  This  product 
possibly  arises  from  rearrangement  of  an  intermediate 
epoxide,  as  illustrated  in  eq  5.  The  dione  is  not  particu- 


A 

FsC— N-CFj 


-50*C.  i5mio 
*  \\  if  -CF3N=CF, 


(5) 


larly  stable,^  but  we  believe  that  our  spectral  data  confirm 
it  as  the  oxidation  product.  The  infrared  spectrum  agrees 
with  that  reported  in  the  literature^  [strong  bands  for 
carbonyl  (16^  cm*')  and  cis-alkene  (1613  cm*')],  and  a 
NMR  spectrum  reveals  only  signals  attributable  to  un¬ 
reacted  2,5-dimethylfuran  and  the  dione  (see  Experimental 
Section).  We  attribute  the  red  or  orange  color  of  the 
product  mixture  to  condensation  products  of  the  dione. 

Reaction  of  I  with  propene,  cyclohexene,  cyclo- 
pentadiene,  and  furan  also  proceeded  readily  to  give 
CFaN^M^Fj  as  the  major  fluorine-containing  product.  In 
these  cases,  however,  the  hydrocarbons  were  mainly  con¬ 
verted  to  polymeric  materials  which,  depending  on  con¬ 
dition  and  the  scale  of  the  reaction,  were  often  a  clear 
glasslike  material  A  reaction  with  propene  carried  out  in 
CDCI3  in  an  NMR  tube  while  the  'H  and  **F  NMR  were 
monitored  clearly  showed  the  rapid  formation  of  CF3N= 
CF 2,  complete  consumption  of  the  propene,  a  small  amount 
of  propylene  oxide  [5  1.32  (d),  2.4  (m),  2.8  (m)]  and  two 
major  broad  resonances  (5  1.1, 3.5).  We  conclude  that  these 
reactions  are  also  examples  of  oxygen  atom  transfer  but 
the  oxidized  products  polymerize  under  the  reaction  con¬ 
ditions. 

Finally,  the  reaction  of  I  with  CF2==CBr2  may  indicate 
that  oxygen  atom  transfer  is  not  limited  to  hydrocarbon 
olefins.  This  reaction  forms  only  a  25%  yield  of  the  cy¬ 
cloadduct  2f;  the  major  products  were  CF3N=CF2  and 
CFBr2C(0)F.  These  products  do  not  arise  from  2f,  which 
has  hi^  thermal  stability.  Quite  probably,  these  products 
arise  from  the  formation  of  the  intermediate  epoxide, 

CF2CBr20,  formed  by  oxygen  atom  transfer  and  subse¬ 
quent  rearrangement  of  the  epoxide  to  CFBr2C(0)F.  The 

epoxide  (!)F2CBr20  does  not  appear  to  be  a  known  species, 
but  our  proposal  is  supported  by  the  photochemical  oxi¬ 
dation  of  CF2=CFC1  with  oxygen.  This  produces  only  a 
small  yield  of  epoxide,  with  CF2CIC(0)F  as  a  major 
product.'® 

Cycloadditions  with  Ketones.  Oxaziridine  I  adds 
readily  to  hydrocarbon  ketones  (no  reaction  occurred  with 
hexafluoroacetone)  to  afford  1,3,4-diozazoiidinea  (eq  6). 


0 
/  \ 


CF3— N-CFj 


R 

¥  ^^>=0 


82  "C 


-N-CFs 


4a.  n«CH3.  4b.  R'CjHg;  4e.  r-8u;  4d.  R>CH  =  CH2 


(6) 


These  compounds  are  stable,  colorless  liquids  at  room 
temperature  and  were  readily  characterized  by  their  mass 
(all  show  an  intense  M  +  1  peak  in  their  Cl  spectra),  '®F 
and  'H  NMR,  and  IR  spectra.  All  exhibit  a  characteristic 
AsBr  pattern  in  the  '®F  NMR. 

These  [2  +  3]  cycloadditions  may  be  explained  as  either 
an  attack  of  the  1,3-dipolar  species  of  1  on  the  ketone,  or 
as  a  nucleophilic  attack  of  the  ketone  on  the  nitrogen  of 


•  15)  Chow,  D.:  Johns,  M.  H.;  Thoms.  M.  P.;  Wonf,  E.  C.  Can.  J. 
Chtm.  m9.  47.  2591. 
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1.  This  is  shown  in  eq  7  for  acetone. 


F  F 


0 
/  ' 


CFa-N-CFa  +  ]>=0 


CFj-N{^0 

>  0-j- 

F  F 


CFj- 


.A. 


F  F 
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CF3— N  0 


(7) 


Reaction  path  7B  is  very  plausible  on  the  basts  of  the 
ease  with  which  oxaziridine  1  has  been  shown  to  undergo 
ring  opening  by  a  variety  of  nucleophiles. This  pathway 
also  seems  more  consistent  with  the  mild  reaction  condi¬ 
tions. 

Reaction  with  (CH3)3SiCN.  One  additional  reaction 
type  that  is  of  interest  in  demonstrating  the  varied  re¬ 
activity  of  1  is  the  reaction  with  (CH3)3SiCN.  As  reported 
earlier,  this  leads  to  l-(trifluoromethyl)-3-(trimethyl- 
silyDcarbodiimide  and  carbonyl  fluoride  (eq  8).  When 


CFjN-'cFa  *  (CHsJjSiCN  -  CF  N=C  =NSi<CH3),  +  COFj  (S) 


carried  out  by  warming  the  reactants  slowly  ftom  -196  to 
22  “C,  the  reaction  is  quantitative.  Attempts  to  extend 
this  reaction  to  CF3CN  or  CH3CN  resulted  in  recovery  of 
starting  materials.  Since  (CH3)3SiCN  has  been  shown  to 
be  in  equilibrium  with  the  isocyanide,'*  a  reaction  of 
tert-butyl  isocyanide  was  carried  out,  but  the  latter  also 
showed  no  reaction  at  22  **€.  Finally,  in  hopes  of  providing 
some  insight  into  the  mechanism  of  the  reaction  of  1,  the 
reaction  of  HFPO  with  (CH3)3SiCN  was  investigated. 
Surprisingly,  no  reaction  was  observed  even  at  ISO  "C. 

These  olnervations  make  it  difHcuit  to  rationalize  the 
observed  reaction  of  1  with  (CH3)3SiCN.  An  attractive 
proposal  involving  a  reaction  of  1  with  the  isonitrile  form 
of  (CH3)3SiCN,  leading  to  the  intermediate 
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SiCH,), 


F  F 
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or  CFjN'^O 
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Si(CH3)3 


(16)  Sackar.  J.;  Ttuyar,  J.  S.  Inorg.  Chem.  1976,  IS,  1976. 


followed  by  elimination  of  COP2,  seems  to  be  precluded 
by  the  failure  of  I  to  react  with  tert- butyl  isocyanide. 
Similarly,  a  reaction  involving  an  interm^iate  [2  3J 
cycloadduct  of  1  to  the  carbon-nitrogen  triple  bond  in 
either  (CH3)3SiCN  or  (CH3)3SiNC  suffers  &om  a  lack  of 
precedent  for  such  reactions. 

We  propose  the  reaction  scheme  in  eq  9  as  one  consistent 
with  the  established  reactivity  of  (CH3)3SiCN.'''  An  ob- 

F  F 

Y 

1  (CH3)3SiCN  -  CF3  — - 

CN— Si<CH3)3 

CF3N=C  =  NSi(CH3)3  +  COFj  (9) 

vious  criticism  of  this  proposal  is  that  the  intermediate 
might  be  expected  to  eliminate  (CH3)3SiF  instead  of  COFo, 
leading  to  the  known  compound  CFaNfCNlCOF.'® 

Conclusion 

PFAPO  has  now  been  shown  to  undergo  a  variety  of 
reactions  involving  the  nitrogen-oxygen  bond.  The  tJ^ee 
main  reaction  types  demonstrated  are  (1)  ring  opening  by 
nucleophiles,  (2)  cycloadditions  with  halogenat^  oleHns 
and  dialkyl  ketones,  and  (3)  oxygen  atom  transfer  with 
electron-rich  olefins.  Reaction  type  1  is  closely  analogous 
to  that  of  the  commercial  monomer  hexafluoropropene 
oxide  (HFPO),  whereas  types  2  and  3  are  not  readily  ob¬ 
served  for  HFPO.  Apart  from  the  obvious  utility  of 
PFAPO  in  the  synthesis  of  novel  compounds,  reactions  2 
(except  dialkyl  ketone)  and  3  represent  unusual  reaction 
types  for  small-ring  heterocycles  with  little  or  no  precedent 
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The  microwave  spectra  of  two  isotopic  species  of  Mchlorodifluoromethylenimine  (CF2=NO) 
have  been  measured  in  the  frequency  region  12-54  GHz.  Rotational,  quartic  centrifugal  distortion, 
and  Q  and  '*N  nuclear  quadrupole  coupling  constants  have  been  evaluated.  The  distortion  con¬ 
stants  have  been  combined  with  vibrational  wavenumbers  from  the  literature  to  calculate  a  har¬ 
monic  force  held.  Effective  (ro)  and  ground  state  average  (r^)  parameters  have  been  evaluated, 
and  have  provided  evidence  that  the  struaure  of  CF2=NQ  is  a  hybrid  of  those  of  CF2=NF  and 
CQ2=NG.  Bonding  information  has  been  obtained  from  the  quadrupole  coupling  constants. 
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INTRODUCTION 

The  Structural  parameters  of  two  perhalomeihyienimines,  CF2=NF  and  CQ: =NQ, 
have  recently  been  reported.  Christen  (7)  made  a  detailed  analysis  of  the  microwave 
spectrum  of  CFi^NF,  which  included  evaluation  of  the  '^N  quadrupole  coupling 
constants.  Subsequently  these  results  were  combined  with  infrared,  Raman,  and  elec¬ 
tron  diffraction  data  along  with  ab  initio  calculations  to  determine  a  reliable  structure 
and  a  harmonic  force  field  (2).  The  infrared  and  Raman  spectra  of  CCl2=NCl  were 
reported  some  years  ago  (i).  Recently  an  electron  diffraction  study  allowed  Christen 
and  Kalcher  {4)  to  determine  its  structure,  and  a  more  detailed  investigation  of  its 
vibrational  spectrum  has  yielded  a  harmonic  force  field  (5). 

iV-chlorodifluoromethylenimine,  CF2=NQ,  was  first  prepared  by  Young  et  a!.  (6) 
by  the  pyrolysis  of  CF2CINQ2;  the  latter  had  been  prepared  from  QF  and  CICN: 

acN+2CiF^CF2aNa2  (i) 

I00-500* 

CF2aNa2  cF2=Na + cu .  (2) 

To  characterize  the  product  Young  ei  al.  measured  its  mass,  ’’F  NMR,  and  infrared 
spectra.  At  about  the  same  time  Hirschmann  et  al  (7)  measured  the  infrared  spectrum 
in  greater  detail;  they  observed  only  seven  of  the  nine  fundamentals,  and  had  to  estimate 
the  positions  of  the  missing  two,  the  lowest  frequency  modes,  from  combination  band 
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data.  Very  recently  O’Brien  et  al.  (8)  measured  the  Raman  spectrum  and  remeasured 
the  infrared  spectrum,  and  were  able  to  reevaluate  the  wavenumbers  of  the  two  pre¬ 
viously  unobserved  fundamentals. 

Arguably  the  most  interesting  structural  feature  of  CF2=NF  and  CCl2=NQ  is  the 
C=N— AT  angle,  which  varies  from  107.9®  for  <(C=N— F)  in  the  former,  to  117.1° 
for  <(C=N— Q)  in  the  latter.  To  obtain  information  on  this  parameter  in  CF2=NQ 
we  tove  measured  its  microwave  spectrum.  Transitions  of  both  the  and 
isotopic  species  have  been  observed,  and  rotational,  centrifugal  distortion,  and  '^N 
and  G  quadrupole  coupling  constants  have  been  evaluated.  A  harmonic  force  field 
has  been  calculated  from  combined  distortion  and  vibrational  data.  Partial  tq  and 
structures  have  been  evaluated,  and  information  on  the  nature  of  the  bonding  has 
been  obtained  from  the  quadrupole  coupling  constants. 

EXPERIMENTAL  DETAILS 

Two  samples  of  CF2=NO  (0. 1  and  0.2  g)  were  prepared  by  the  method  of  Zheng 
and  DesMarteau  (9).  They  were  stored  at  liquid  nitrogen  temperature,  where  they 
were  indefinitely  stable,  and  were  brought  to  room  temperature  for  sampling  in  the 
microwave  study.  The  sample  purity  was  checked  by  mass  spectroscopy. 

Transitions  were  measured  in  the  frequency  range  12-54  GHz,  using  a  100-kHz 
Stark-modulated  spectrometer  with  a  3-m  copper  X-band  cell.  The  microwave  sources 
were  a  Hewlett-Packard  8400B  backward  wave  oscillator  source  and  a  Watkins-Johnson 
1291  synthesizer,  equipped  where  necessary  with  Honeywell-SpaceKom  frequency 
multipliers.  In  the  latter  stages  of  the  work  the  synthesizer  was  controlled  using  a 
Digital  Micro-PDPll  computer,  which  was  also  used  for  storage,  signal  averaging, 
and  measurement  of  the  spectrum.  All  measurements  were  made  with  the  Stark  cell 
wrapped  in  dry  ice.  Under  these  conditions  transitions  due  to  CT2=Na  could  be 
observed  for  up  to  30  min,  though  lines  of  decomposition  product(s)  (as  yet  uniden¬ 
tified)  appeared  within  the  first  few  minutes.  Unfortunately  the  small  amounts  of 
sample  precluded  the  use  of  a  flow  system. 

OBSERVED  SPECTRUM  AND  ASSIGNMENT 

Several  predictions  of  rotational  constants  were  made  using  structural  data  trans¬ 
ferred  from  various  related  molecules,  such  as  GNCO,  GNs,  CH2NH,  and  OCF2.  In 
particular  one  was  made  using  CF2  parameters  from  GF2=NF  and  C=N— Q  param¬ 
eters  from  CG2=NQ.  Q  quadrupole  coupling  constants  were  transferred  from  GNCO 
(JO,  11).  The  molecule  was  expected  to  be  a  planar,  slightly  asymmetric  prolate  rotor 
with  Cs  symmetry,  probably  having  both  a-  and  fi-type  transitions. 

The  observed  spectrum  fitted  very  well  (to  within  a  few  percent)  to  the  one  predicted 
from  the  combined  CF2=NF  and  CG2=NG  parameters,  with  a-  and  f>-type  transitions 
of  comparable  intensity.  The  initial  assignments  were  of  the  /  =  7  6  and  S  *-1  a- 
type  R  branches,  which  gave  preliminary  values  of  B  and  C.  Candidates  for  the  b-type 
Q  branches  61.3  60.6  and  7i.6  7o,i  were  identified  from  their  quadrupole  patterns; 

when  these  were  included  in  the  fits,  A  was  also  evaluated.  Accurate  predirtions  of 
further  transitions  could  then  be  made,  and  a  bootstrap  procedure  was  used  to  assign 
an  increasing  number  of  transitions.  All  transitions,  for  both  ^®G  and  ^’G  species. 
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showed  Q  quadrupole  structure  to  some  extent,  which  along  with  the  frequency  fit, 
was  used  as  a  criterion  for  assignment.  Quadrupole  hyperfine  structure  due  to  ''*N, 
which  was  much  smaller  than  that  of  Cl,  was  observed  for  a  few  transitions. 

ANALYSIS  OF  THE  SPECTRUM 


(a)  Nuclear  Quadrupole  Coupling 

Initially  the  transitions  showing  both  Q  and  quadrupole  structure  were  analyzed 
for  the  coupling  constants.  The  coupling  scheme  given  below  was  followed  very  closely: 

I,  +  J— F,;  I2  +  F,  — F. 


Here  Ii  and  I2  are  the  nuclear  spins  of  chlorine  and  nitrogen,  respectively.  The  splittings 
were  well  accounted  for  by  the  following  first-order  expression  {10),  which  ignored 
effects  off-diagonal  in  the  quantum  numbers  J  and  F\ ,  associated  with  J  and  Fj . 


7(7+1) 


[3<75>-7(7+1)1x^1)  + 


<7i>-  W{b,) 
bp 


+ 


4(27’.-!) 

(F,  +  1)7(7+ 1) 


Ah,FuF)^J{FuJJx)- 


[3<7i>-7(7+l)]x^(2)+--. 


<7^>-  W{b,) 


[x**(2)  -  Xcc(2)] 


(3) 


Here /(a,  7)  is  Casimir’s  function,  W{bp)  is  the  Wang  reduced  energy,  and  (72)  is 

the  expectation  value  of  the  square  of  the  angular  momentum  about  the  a-axis. 

A  least-squares  fit  of  the  transitions  with  resolved  nitrogen  splittings  was  made  to 
the  coupling  constants,  using  Eq.  (3).  The  resulting  '^N  constants  are  in  Table  I;  it  is 
clear  that  for  CF2=N^^C1  all  the  constants  are  determined,  but  for  CF2=N^’Q  only 
{Xbb  ~  Xcc)  for  '^N  could  be  obtained.  Table  II  gives  the  measured  frequencies  of  three 
transitions  with  resolved  Q  and  '^N  hyperfine  structure;  a  good  fit  has  clearly  been 
obtained.  A  check  was  made  in  which  the  splittings  were  prediaed  by  diagonalizing 
the  full  Hamiltonian  rather  than  by  using  Eq.  (3);  effects  of  off-diagonal  contributions 
were  found  to  be  insignificant. 

The  final  G  quadrupole  constants  were  obtained  by  fitting  all  transitions  with  G 
splitting  to  the  well-known  first-order  expression  (72).  (In  this  case  any  observed  ‘'‘N 
splittings  were  subtracted  off.)  The  results  are  also  in  Table  I;  in  this  case  excellent 
values  have  been  obtained  for  all  constants,  for  both  isotopic  species.  Measured  fre¬ 
quencies  of  some  representative  transitions,  along  with  assignments  and  observed  and 
calculated  splittings,  are  given  in  Table  III. 


(b)  Rotational  and  Centrifugal  Distortion  Constants 

After  the  hyperfine  structure  had  been  subtracted  off  the  measured  transitions,  using 
the  coupling  constants  of  Table  I,  the  resulting  unsplit  line  frequencies  were  then  used 
to  calculate  the  rotational  constants  and  quartic  centrifugal  distortion  constants.  Wat¬ 
son’s  Hamiltonian  in  its  A  reduction,  in  the  r  representation,  was  used  (7i);  no  sextic 
constants  were  required  to  fit  the  data.  Because  some  transitions  were  only  incompletely 
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TABLE  1 

Spectroscopic  Constants  of  CFjNO 


CF.,N^^C1 

CF^N^'CI 

Rotational  Constants.  (MHzi 

Aq 

11260.8730(481 

11260.8818(88) 

Bo 

2542.2000(12) 

2470.9258(15) 

Co 

2072.4246(111 

2024.8091(16) 

Contrifugal  Distortion  Constants 

(kHz' 

0.3584(57) 

0.3667(37) 

^JK 

3.939(30) 

3.813(54) 

8.05(12) 

8.16(96) 

0.0690(15) 

0.0623(14) 

2.546(83) 

2.474(60) 

Chtonn*  and  Nitrofien  Nuclear 

Quadrupole  Coupling 

Constanta  (MHz) 

ChJorm«  y 

aa 

-70.33(41) 

-54.73(67) 

*bb-  *cc 

■26.02(15) 

-20.02(18) 

^CC 

48.17(22) 

37.37(35) 

Nitrogen 

3.42(61) 

7.2(11.1) 

^bb-  *cc 

■2.822(86) 

-2.67(43) 

X 

■0.30(63) 

a 

cc 

*  Not  evaluated  because  x  is  indeterminate. 

aa 


resolved,  some  could  be  only  partially  modulated,  and  some  were  subject  to  interference 
from  transitions  of  the  impurity  molecules,  the  frequencies  were  weighted  in  the  fits 
according  to  the  confidence  in  their  measurement  accuracies;  the  highest  accuracies 
were  ~  ±0.03  MHz. 

The  resulting  constants  are  also  in  Table  I;  it  is  clear  that  good  values  for  all  rotational 
and  centrifugal  distortion  constants  have  been  obtained.  Table  FV  gives  the  frequencies 
of  all  measured  transitions,  along  with  their  weights  in  the  fits  and  the  differences 
between  the  observed  and  calculated  frequencies. 

THE  HARMONIC  FORCE  FIELD  AND  STRUCTURE 
(a)  The  Effeaive  Structure 

The  ground  state  principal  moments  of  inertia  and  inertial  defects  of  the  two  isotopic 
species  of  CF2=NQ  are  given  in  Table  V.  The  inertial  defects  are  small  positive 
numbers,  which  are  nearly  equal  for  the  two  isotopes,  and  therefore  confirm  that  the 
molecule  is  planar. 

The  molecular  structure  can  be  described  (Fig.  1)  by  four  bond  lengths  (r(C=N), 
r(N— Q),  r(C— F,),  r(C— Fc))  and  three  bond  angles  (<((C=N— Q),  ((N=C— F,). 
((N=C— Fc)).  With  six  rotational  constants,  only  four  of  which  are  independent  be- 
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TABLE  II 

Some  Represenutive  Transitions  (MHz)  of  CFiN^^Q  Showing  "Q  and  ‘‘N  Quadnipole  Struaure 


Traiuiuon 


5 1  I  —  4©  « 


6 1  s  ~6o  • 


7, .-7, 7 


f; 

r 

■  F^ 

F* 

Observed 

Frequency 

(MHzi 

Obs 

Spliuinp 

(MHz) 

Calc 

Splitting 

(MHz 

4.5 

4.5 

-  3.5 

3.5 

28653.929 

-1.423 

-1.428 

4.5 

6.5 

-  3.5 

4.5 

28654.255 

-1.097 

-1.129 

4.5 

3.5 

-  3.5 

2.5 

28654.382 

-0.970 

-1.010 

5.0 

5.5 

-  4.5 

4.5 

28654.874 

-0.478 

-0.490 

3.5 

3.5 

-  2.5 

2.5 

28654.874 

-0.478 

-0.480 

5.5 

6.5 

-  4.5 

5.5 

28655.240 

•0.112 

-0.150 

3.5 

4.5 

-  2.5 

3.5 

28655.240 

-0.112 

-0.120 

5.5 

4.5 

-  4.5 

3.5 

28655.240 

-0.112 

-0.030 

3.5 

2.5 

-  2.5 

1.5 

28655.240 

-0.112 

0.010 

6.5 

6.5 

-  5.5 

5.5 

28655.684 

0.332 

0.429 

6.5 

7.5 

-  5.5 

6.5 

28656.303 

0.951 

0.899 

6.5 

5.5 

.  5.5 

4.5 

28656.303 

0.951 

1.001 

4.5 

3.5  - 

4.5 

3.5 

14839.067 

-3.758 

-3.805 

4.5 

5.5  - 

4.5 

5.5 

14839.067 

-3.758 

-3.681 

4.5 

4.5  - 

4.5 

4.5 

14839.691 

-3.134 

-3.137 

7.5 

6.5  - 

7.5 

6.5 

14840.365 

•2.460 

-2.470 

7.5 

8.5  - 

7.5 

8.5 

14840.365 

-2.460 

-2.392 

7.5 

7.5  . 

7.5 

7.5 

14840.977 

-1.848 

-1.810 

5.5 

4.5  - 

5.5 

4.5 

14844.701 

1.876 

1.778 

5.5 

6.5  - 

5.5 

6.5 

14844.701 

1.876 

1.873 

5.5 

5.5  - 

5.5 

5.5 

14845.293 

2.468 

2.388 

6.5 

5.5  • 

6.5 

5.5 

14845.976 

3.151 

3.094 

6.5 

7.5  • 

6.5 

7.5 

14845.976 

3.151 

3.177 

6.5 

6.5  - 

6.5 

6.5 

14846.471 

3.646 

3.710 

5.5 

4.5  • 

5.5 

4.5 

33624.599 

-3.909 

-3.953 

5.5 

6.5  - 

5.5 

6.5 

33624.599 

•3.909 

-3.896 

5.5 

5.5  • 

5.5 

5.5 

33624.946 

•3.562 

•3.587 

8.5 

7.5  • 

8.5 

7.5 

33625.711 

-2.797 

-2.683 

8.5 

9.5  • 

8.5 

9.5 

33625.711 

-2.797 

•2.645 

8.5 

8.5  - 

8.5 

8.5 

33626.100 

-2.408 

-2.321 

6.5 

5.5  - 

6.5 

5.5 

33630.772 

2.264 

2.249 

6.5 

7.5  - 

6.5 

7.5 

33630.772 

2.264 

2.295 

6.5 

6.5  - 

6.5 

6.5 

33631.071 

2.563 

2.591 

',J> 

6.5  - 

7.5 

ti.;» 

33632.158 

3.650 

3.511 

7.5 

8.5  . 

7.5 

3.3632.158 

3.650 

3.551 

i.r, 

7.5  ■ 

7.5 

7.5 

3.3632.455 

3.947 

3.855 

cause  of  the  planarity  of  the  molecule,  unambiguous  determination  of  a  full  structure 
is  impossible.  At  best,  determination  of  no  more  than  two  or  three  parameters  of  an 
effective  (ro)  or  ground  state  average  (r^)  structure  could  be  hoped  for. 

Some  reasonable  deductions  can  be  made,  however.  There  was  a  large  variation  in 
the  rotational  constants  initially  prediaed  from  model  structures.  Those  obtained 
using  parameters  transferred  from  CF2=NF  and  CQ2=NQ  were  exceUent,  by  far 
the  best,  and  suggest  that  CF2=NQ  is  roughly  a  hybrid  of  the  two.  To  carry  matters 
further  some  assumptions  must  be  made;  in  this  case  we  have  fixed  the  CF2=N  pa¬ 
rameters  at  those  of  CF2=NF  (2),  and  have  varied  r(N— Q)  and  ((N=C— Q).  This 
procedure  is  substantially  justified  by  the  difference  in  <(C=N— X)  between  CF2=NF 
and  Ca2=Na. 

Least-squares  fits  of  the  effective  rotational  constants  (Table  I)  were  made  to  the 
two  variable  parameters.  Unfortunately  simultaneous  fits  to  both  parameters  were 
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Observed  Hyperfine  Structure  Due  to 


TABLE  HI 

in  the  Microwave  Spectrum  of  CFjNO 


Trwwiuon 

r  -  F* 

Frequency 

luncertainty) 

(MHz' 

Obs-Ca)c 

splits 

(MHz' 

CF^N^'^Cl 

6 1  4  ~5  1  s 

5.5  -  4-5 

4.5  ■  3.5 

6.5  ■  5.5 

7.5  -  6.5 

2614I.859<50I 

26142.498(301 

26142.438<30I 

26143.165(30) 

0.023 

0.063 

-0.077 

-0.009 

6j» -5>  j 

6.5  -  5.5 

5.5  -  4.5 

7.5  •  6.5 

4.5  -  3.5 

27773.668(30) 

27774.633(30' 

27778.237(30) 

27779.185(30) 

-0.035 

-0.055 

0.063 

0.027 

64  4  “^74  1 

6.5  -  5.5 

9.5  •  »-5 

7.5  ■  6.5 

8.5  -  7.5 

37008.250(30) 

37007.240(30' 

37CC3. 110(30' 
37002.110(30) 

-0.065 

0.004 

-0.009 

0.070 

7ot  * 

5.5  ■  4.5 

6.5  -  5.5 

8.5  •  7.5 

7.5  •  6.5 

26332.903(30) 

26333.245(30) 

26333.587(30) 

26333.958(30) 

0.063 

-0.023 

0.009 

•0.048 

6 »  4  —  5o  $ 

7.5  •  6.5 

4.5  •  3.5 

6.5  •  5.5 

5.5  •  4.5 

32087.123(30) 

32086.600(30) 

32085.885(30) 

32085.350(30) 

-0.022 

0.009 

-0.003 

0.016 

6,4-604 

4.5  -  4.5 

7.5  •  7.5 

5.5  ■  5.5 

6.5  -  6.5 

14839.283(50) 

14840.572(30) 

14844.904(30) 

14846.145(30) 

0.011 

-0.021 

0.045 

'0.035 

12,  ,  >-l2o' 

10.5  ■  10.5 

13.5  •  13.5 

11.5  -  11.5 

12.5  •  12.5 

35598.275(30' 
35599.016(:'0> 
3560'.). 600(30' 
35604.286(30' 

-0.021 

0.074 

-0.046 

-0.007 

7  J  J -7  I  1 

5.5  -  5.5 

8.5  •  8.5 

6.5  -  6.5 

7.5  -  7.5 

22773.449(50' 
22773.782(50' 
22775.223' 50> 
22775.527(80' 

-0.019 

-0.033 

0.048 

0.004 

14i  ,  j 


•I*. 


12.5  -  U.5 

la. 5  -  15.5 

13.5  •  13.5 

14.5  -  14.5 


29520.736(301 
29521.076(30' 
29523.601  (30> 
29524.015(30' 


•0.015 

0.020 

-0.057 

0.055 
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table  IV 

Oteov«l  Tnimtion  F«,»„ciB  (Mm).  «id,  o„  Hy^rtne  StraauB  RemovBl, 


Transition 


Frequencv 


Obs-Caic 


Weight 


CFjN^^CI 

5 

S 


6  , 
6  , 
6  , 
6  0 
6  2 
’  2 
7  2 
7  0 
7  , 
7  2 
7  , 
7  2 

7  0 

8  2 
8  2 
8  2 
8  2 
8  . 

8  , 

8  , 

8  , 

8  0 
8  . 

8  t 
8  , 

8  0 
8  , 

9  , 

9  , 

9  2 
9  0 
9  , 

9  2 
9  0 
9 


10 

10 


10  , 

10  , 

2  , 

II  .  ,, 

11  I  10 

12  2  . 
12  0  ,2 
12  ,  ,, 
12  ,  ,2 
13  , 


3  1  ■  0  ,  j 

30451.090 

'  5  •  0  . 

28655.352* 

0  s  -  4  ,  , 

15878.683 

1  s  -  6  ,  , 

31912.724 

2  «  -  5  J  J 

28221.114 

1  »  •  5  j  j 

27776.362 

1  j  •  5  j  j 

27801.612 

’  *  ■  5  0  s 

27070.136 

1  s  •  6  0  , 

14842.825® 

C  -  5  0  5 

32086.353 

<  ■  5  ,  J 

26142.639 

1  •  5  1  J 

21126.519 

*■83  < 

27604.312 

*  •  I’  1  < 

22774.530 

*  •  '  1  J 

33628.508* 

7-60  , 

31349.563 

*  •  8  1  s 

33674.168 

‘■61  « 

32427.661 

7  -  S  0  , 

35458.518 

*  ■  8  J  J 

32484.106 

’  '  8  ,  , 

26333.520 

*  •  8  ,  , 

22453.480 

’  ‘  ^  J  4 

36691.501 

*  ■  "  1  5 

38046.288 

*  •  *  J  • 

37195.515 

«  •  ’  s  « 

37043.765 

>  ■  >  < 

38367.494 

*  ■  \  7 

34721.401 

7  •  8  0  , 

19976.286 

•  •  ’  I  7 

31449.265 

*  '  ’  •  7 

37046.785 

s  •  7  „  , 

38830.436 

‘  '  1  >  > 

37005.110 

1  -  7  0  7 

35558.237 

>  •  7  s  , 

37005.110 

»  •  8  ,  , 

38979.500 

•  •  8  ,  y 

43004.901 

7  •  8  3  , 

43011.526 

7  ■  8  ,  J 

36440.291 

t  -  9  0  , 

23268.840 

«  •  8  J  5 

41944.025 

t  -  8  ,  , 

39712.477 

••83  7 

24110.673 

7  •  10  ,  , 

40096.710 

i  •  10  ,  , 

22866.509 

0  ■  9  ,  , 

41291.635 

*■93  • 

30485.696 

»  •  18  0  10 
-  -  1  1 

27013.492 

-  10  0  ,0 
■  10  2 
-  12  2 


13  2  12  -  13  , 
13  2  ,6  •  13  2 
13  O 


13 

13 

13 


» o 
t  3 
1  t 


-  . ,  -  13  , 

13  2  . .  -  12  2 
I^  2  1  2  ■  1 


14 

14 


1«  2 
18  2  12 


1  3 
1  3 
1  I 


f 

-  1  0 
^  J  t  f  f 
0  13 
'  ^  ^  0  1  I 

«  to 
I  3 
f  1 

1  3 
t  3 

3  1  0 

1  1  1 
j  I  , 

^^3  12 

1  E 

2  1  2 


15 


23732.212 

49365.369 

36871.356 

37386.480 

50594.400 

35601.320* 

53077.076 

14483.459 

49032.787 

36124.376 

40273. 163 

27028.881 

27416.442 

29522.368* 

34022.747 

35076.982 

34352.147 


-0.013 

0.043 

-0.157 

0.037 

-0.019 

0.033 

0.007 

-0.069 

0.019 

0.197 

-0.010 

-0.179 

0.079 

0.103 

-0.017 

0.009 

-0.051 

0.018 

-0.000 

-0.043 

-0.084 

0.040 

0.051 

-0.111 

-0.066 

-0.012 

0.109 

-0.076 

-0.295 

-0.046 

-0.032 

-0.005 

0.040 

-0.038 

0.003 

-0.169 

-0.007 

-0.141 

0.058 

-0.250 

0.053 

0.078 

-0.152 

0.026 

0.031 

-0.051 

0.058 

-0.242 

0.026 

-0.056 

0.023 

-0.038 

-0.083 

-0.021 

-0.071 

0.011 

-0.131 

-0.039 

0.510 

•0.052 

-0.088 

0.013 

-0.246 

-0.006 

-0.008 


1.0000 

1.0000 

0.0000 

1.0000 

1.0000 

0.0100 

1.0000 

0.1000 

1.0000 

0.0000 

0.0001 

0.0000 

1.0000 

0.1000 

1.0000 

1.0000 

0.0100 

0.1000 

0.0100 

0.1000 

1.0000 

1.0000 

1.0000 

0.0100 

1.0000 

1.0000 

0.0000 

0.0100 

0.0000 

0.0000 

I.OOOO 

1.0000 

l.OOOC 

0.1000 

1.0000 

0.0001 

0.0100 

0.0000 

0.0000 

0.0000 

1.0000 

0.0001 

0.0000 

0.0000 

1.0000 

0.0001 

0.0000 

0.0000 

1.0000 

0.1000 

0.0000 

1.0000 

0.1000 

1.0000 

0.1000 

1.0000 

0.1000 

1.0000 

0.0000 

0.1000 

0.1000 

1.0000 

0.0000 

1.0000 

1.0000 


Trans, tions  showing  resolvable  hrperfme  structure  by  nitrogen. 


ofCFjNQ 
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microwave  spectrum  of  CF2=Na 


63 


TABLE  rv — Continued 


Transiuon  Frequency  Obs-Calc  Weipht 


16 

3 

1  3 

IS 

\ 

\  4 

32590.239* 

0.018 

1.0000 

16 

3 

\  3 

16 

2 

1  • 

34048.222 

0.023 

1.0000 

16 

3 

1  • 

16 

1 

1  5 

36209.480 

0.009 

O.OIOD 

17 

1 

\  \ 

18 

4 

t  3 

32150.286 

•0.002 

1.0000 

17 

3 

\  k 

17 

3 

1  4 

34246.82S 

-0.115 

1.0000 

17 

3 

1  « 

16 

4 

1  3 

27392.030 

-0.369 

0.0000 

18 

3 

1  4 

18 

3 

1  4 

35013.589 

0.012 

1.0000 

18 

3 

1  i 

17 

« 

t  4 

34869.318 

0.088 

0.1000 

19 

2 

\  7 

19 

1 

1  t 

49738.644 

•0.159 

0.0000 

19 

3 

t  c 

19 

3 

1  7 

36397.027 

-0.043 

1.0000 

20 

3 

1  7 

20 

3 

1  • 

38429.509 

0.046 

1.0000 

20 

« 

1  ( 

20 

3 

t  7 

48027.496 

0.047 

1.0000 

5 

5 

4 

0 

• 

28281.947 

0.155 

0.0000 

6 

2 

6 

4 

23621.750 

0.142 

1.0000 

6 

2 

s 

5 

2 

4 

26899.581 

0.055 

1.0000 

6 

5 

2 

3 

27454.955 

0.001 

1.0000 

6 

4 

5 

0 

4 

31641.394* 

•0.035 

1.0000 

6 

0 

4 

5 

0 

4 

26418.375 

-0.023 

0.0000 

6 

4 

5 

1 

9 

20290.538 

-0.211 

0.0000 

7 

2 

4 

7 

1 

4 

23033.086 

•0.129 

0.0000 

7 

2 

3 

6 

3 

3220G.603 

0.040 

1.0000 

7 

3 

s 

6 

3 

4 

31583.592 

-0.001 

1.0000 

7 

3 

6 

3 

3 

31631.352 

•0.068 

1.0000 

7 

0 

7 

6 

0 

4 

30609.268 

0.028 

0.000] 

7 

7 

6 

1 

4 

29714.189 

-0.024 

0.0001 

7 

4 

6 

1 

9 

32788.940 

-0.016 

0.0001 

7 

0 

7 

6 

) 

4 

25386.166 

•0.043 

0.0000 

7 

2 

4 

6 

2 

3 

31340.966 

•0.080 

1.0000 

8 

3 

7 

8 

} 

• 

35326.000 

•0.145 

1.0000 

8 

2 

4 

8 

\ 

7 

22657.707 

•0.033 

1.0000 

8 

0 

4 

7 

0 

7 

34732.721 

0.033 

0.0001 

8 

1 

7 

\ 

7 

33895.487 

0.170 

0.0000 

8 

1 

4 

7 

0 

7 

38223.368 

0.047 

1.0000 

8 

7 

7 

30404.644 

'0.040 

0.0000 

8 

7 

7 

4 

37369.099 

0.024 

0.0100 

8 

4 

7 

9 

36993.607 

0.007 

0.0100 

9 

4 

9 

0 

9 

22473.297* 

0.072 

1.0000 

9 

4 

8 

9 

35311.351 

0.035 

0.0001 

10 

3 

7 

10 

3 

4 

40754.324 

0.041 

0.1000 

10 

0 

1  0 

9 

9 

40088.319 

0.199 

0.0000 

10 

2 

1 

10 

9 

22854.693 

0.012 

1.0000 

10 

4 

9 

2 

f 

28665.904 

-0.023 

0.1000 

11 

10 

1  0 

48439.057 

-0.486 

0.0000 

11 

1  0 

10 

2 

9 

34899.338 

-0.082 

0.1000 

12 

4 

12 

3 

1  0 

38120.798 

-0.054 

1.0000 

12 

1  3 

11 

0 

7  1 

52032.491 

0.025 

0.0000 

12 

1  3 

11 

!  f 

49254.618 

0.002 

1.0000 

12 

11 

3 

7  0 

53220.156 

-0.094 

0.0000 

13 

1  1 

13 

3 

1  3 

50195.851 

0.057 

1.0000 

13 

13 

3 

1  1 

36839.012 

-0.088 

0.0000 

13 

1  3 

12 

7  3 

53669.541 

0.065 

1.0000 

13 

1  7 

13 

0 

7  3 

38691.460 

-0.128 

0.1000 

13 

13 

7  2 

26400.138 

0.026 

1.0000 

13 

12 

1  0 

24682.904 

(I.OHi 

0.1000 

14 

14 

7  3 

3S718..300 

•0.017 

1.0000 

14 

13 

3 

7  3 

53231.433 

-0.094 

0.1000 

14 

14 

1 

7  3 

28612.738 

-0.017 

1.0000 

14 

13 

1  1 

31648.477 

-0.0 11 

0.1000 

15 

15 

3 

7  3 

34862.596 

0.130 

0.0000 

15 

15 

7  • 

31372.363 

•0.018 

1.0000 

15 

14 

7  a 

38755.237 

•0.449 

0.0000 

15 

15 

7  4 

48070.442* 

0.017 

1.0000 

16 

3 

t  3 

16 

3 

1  • 

34367.037 

-0.012 

1.0000 
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TABLE  IV — Coniinued 


Transition 

Frequency 

Obs-Calc 

Weight 

16 

2 

1,-16 

t  t  5 

34668.546“ 

0.013 

1.0000 

16 

IS  ■  16 

0  1  C 

52807.612 

•0.150 

0.0000 

17 

1,-16 

•  1  3 

23695.250 

0.031 

0.0000 

17 

3 

1,-1’ 

2  1  5 

34314.413 

-0.040 

1.0000 

17 

2 

IS  -  16 

3  t  • 

53188.238 

-0.031 

1.0000 

17 

2 

IS  -  17 

t  1  C 

38465.531 

-0.137 

0.0000 

16 

3 

IS  -  17 

•  t  a 

30821.306 

0.009 

1.0000 

18 

3 

IS  -  18 

2  1  c 

34772.247 

0.028 

1.0000 

19 

3 

IS  -  IS 

ft  1  B 

38251.635 

-0.037 

0.0000 

19 

3 

17-19 

1  1  t 

47301.586 

0.560 

0.0000 

20 

a 

If  -  20 

3  1  7 

49341.578 

0.010 

1.0000 

20 

3 

17-20 

2  1  • 

37415.402 

-0.098 

0.0000 

meaningless  because  they  were  perfectly  correlate*,  this  arose  because  the  Q  atom  is 
very  near  the  <2-inertial  axis  (Fig.  1 ).  Instead  we  have  fixed  r(N— Q)  at  several  assumed 
values,  and  fit  solely  to  ((C=N— Q).  The  results  with  various  values  of  r(N— Q), 
including  those  found  in  CQ2=Na,  QNCO,  and  CIN3  (74),  are  in  Table  VI. 

Even  this  procedure  has  produced  values  with  large  uncertainties.  It  is  interesting, 
however,  that  when  r(N— Cl)  is  assumed  to  be  the  same  as  in  CQ2=NQ  the  same 


TABLE  V 

Principal  Moments  of  Inertia*  and  Inertial  Defects 
of  the  Effective  and  Average  Structures  of  CFjNQ 


ai  17 

Parameier  CF.,N  Cl  CF^N  Cl 


EfTecuv^  Structure 
‘a 

44.879206(19) 

44.879171(70) 

'b 

198.79594(10) 

204.53024(13) 

1 

c 

243.85883(13) 

249.59343(20' 

A 

0 

0.18368(25) 

0.18398(40) 

Average  Structure 

44.9518984 

44.9513035 

'b 

198.987165 

204.724696 

I 

c 

243.939110 

249.675676 

A 

1 

0.000046 

-0.000325 

A  icalc)^ 

0 

0.183634 

0.184305 

Calculated  using  the  rotational  constants  of  Table  1  using  the  conversion 
factor  505379.045  . 

^  From  the  harmonic  force  field  refinement . 


MICROWAVE  SPECTRUM  OF  CFj=Na 
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b 


Fig.  1.  The  coordinates  of  CFj  =  in  its  principal  inertial  axis  system.  The  struaure  is  the  r, 

structure  with  r(N— Q)  =  1.745  A. 

angle  is  also  obtained.  The  uncertainty  of  the  fit  is  reduced  enormously  when  r(N — Q) 
is  the  same  as  in  CIN3;  in  this  case  the  value  of  the  angle  is  midway  between  that  of 
CF2=NF  and  Ca2=Na. 


(b)  The  Harmonic  Force  Field 

Because  of  the  poor  effective  parameters  described  above,  an  attempt  has  been  made 
to  evaluate  ground  state  average  (rg)  parameters.  For  this  purpose  it  was  necessary  to 
calculate  harmonic  contributions  to  the  vibration-rotation  a  constants,  which  in  turn 
required  knowledge  of  the  harmonic  force  field.  Although  strictly  speaking  a  complete 
force  field  was  required,  in  practice  it  was  sufficient  to  have  good  values  for  the  more 
important  force  constants.  In  this  work  we  have  evaluated  an  approximate  force  field 
by  a  least-squares  fit  to  the  combined  vibrational  wavenumbers  (7,  8)  and  centrifugal 
distortion  constants.  The  structural  parameters  used,  which  are  those  of  the  final  r. 
structure,  are  given  in  Table  VII.  This  table  also  gives  the  chosen  nonredundant  sym¬ 
metry  coordinates,  which  transform  as  7 A'  +  2/4'  in  C,.  Because  there  can  be  a  problem 
in  defining  the  out-of-plane  coordinates  their  .5-matrix  elements  are  also  given  in 
this  table  (in  rad  A"'). 

The  wavenumbers  used  were  those  of  O’Brien  et  al.  (5),  which,  except  for  the  values 
for  and  *'9,  were  identical  to  those  of  Hirschmann  ei  al.  (7).  In  the  least-squares  fit 
a  somewhat  arbitrary  weighting  scheme  was  devised  in  which  all  wavenumbers  were 
assigned  uncertainties  of  1  %,  except  for  v-j  and  v<)  which,  because  they  were  overlapped, 
were  given  uncertainties  of  5  and  10%,  respectively.  The  distortion  constants  were 
given  uncertainties  of  2%,  except  for  6^  for  which  it  was  4%.  The  weights  were  pro¬ 
portional  to  (uncertainty)"^. 

Preliminary  estimates  of  the  force  constants  were  made  by  transferring  values  from 
CF2=NF  (2)  and  CQ2=NQ  (5).  For  CF2=NF,  21  of  3 1  possible  force  constants  had 
been  obtained  from  combined  vibrational  data  and  ab  initio  calculations,  and  were 
therefore  taken  to  be  legitimate.  For  CQ2=NQ  the  constants  had  been  obtained  from 
limited  vibrational  data,  and  only  values  which  were  subsequently  refined  were  trans¬ 
ferred. 
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TABLE  VI 

Derived  Structural  Parameters  of  CF2NQ:  Variation  of  Bond  Angle,  <(C=N— Q), 
with  Change  in  Bond  Length,  r(N— Q) 


Values  of  Structural  Parameters  Kept  Fixed  m  all  Rermements  ^ 

r(C=N)  I.273X  <(N-C-F^)  127.2“ 

r(C-F  )  I.300A  <(N-C-F.)  H9.8* 

c  t 

riC-F^)  1.300.x 


EfT<ective  (r  )  Average  (r  ) 

o  ^2 

Bond  Length  rlN-Cl)**  <(C=N-Cli  s.d.'  <(C  =  N-CI)  s.d. 

from 


CCljNCI** 

1.6831 

115.7±19.4* 

6.7 

115.e±12.4' 

4.3 

CINCO* 

1.705X 

114.3+15.1“ 

5.3 

114.4±8.2“ 

2.9 

CINg^ 

1.745X 

111.9±7.2“ 

2.6 

112.0±0.4“ 

0.14 

- 

1.788.x 

109.5±3.1“ 

1.2 

109.6  +  8.1“ 

3.1 

^  From  reference  <51.  Derinitions  of  F^ 

^  Kept  fixed  in  the  refinement. 

Standard  Deviation  of  refinement  (MHz). 
Reference  (7) . 
t  Reference  (9). 

Reference  (11). 


and  F^  are  in  Fig  1. 


Deciding  on  how  many,  and  which,  force  constants  to  release  in  the  fits  was  a 
complex  process,  and  many  fits  were  attempted.  It  was  found  early  on  that  releasing 
only  the  diagonal  constants  produced  nonconvergence  and  that  some  oflT-diagonal 
constants  must  be  released;  the  Jacobians  were  used  to  decide  which  to  choose.  It  was 
ultimately  necessary  to  constrain  certain  diagonal  constants,  notably  ^3  and  the 
C— F  stretching  constants.  The  constant  ^7  was  also  constrained  becatise  when  it  was 
released  it  was  nearly  perfectly  correlated  with  fn.  The  maximum  number  of  variable 
constants  turned  out  to  be  9,  a  reasonable  value  given  that  there  were  17  pieces  of 
independent  data  (8  independent  distortion  constants  and  9  wavenumbers). 

The  fiiuil  force  field  is  given  in  Table  VIII.  It  was  chosen  because  all  its  constants 
are  well  determined,  it  had  no  large  correlations,  and  it  prediaed  the  observed  wave- 
numbers  and  distortion  constants  pleasingly  well,  as  can  be  seen  in  Table  IX.  Its 
reliability  was  fiirther  confirmed  by  an  excellent  prediction  of  the  inertial  defect,  shown 
in  Table  V. 

(c)  The  Average  Structure 

The  harmonic  force  field  of  Table  VIII  was  used  to  calculate  the  harmonic  parts  of 
the  a  constants,  and  hence  the  ground  state  average  rotational  constants  of  the  two 
isotopic  species.  The  resulting  average  moments  of  inertia  are  in  Table  V.  The  average 
inertial  defects  A;  are  essentially  zero,  confirming  further  that  the  molecule  is  planar. 
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TABLE  VII 

Structural  Parameter,  Internal  Coordinates,  and  B-Matrix  Elemenu 
Used  in  the  Normal  Coordinate  Analysis  of  CFjNG 


Internal 

Coordinatea 

and  Geometrt’^ 

A' 

block 

s 

r(C  =  N)  = 

=  1.273X 

= 

r(N-Cl)  = 

1.745A‘‘ 

^2 

= 

r(C-F^)  = 

1.30oA 

r. 

r(C-F  )  = 

1.30oA 

a, 

= 

t 

<C-N.CI 

= 

= 

<N-C-F^ 

=  127.2* 

»2 

s 

<N.C-F 

t 

=  119.8* 

A" 

block 

7 

= 

CF^  out-of-plane  bend  (oop) 

T 

= 

torsion  angle 

Symmetry 

Coordinates 

A'  block 

s, 

s 

Ar, 

Sj 

= 

Arj 

s. 

SE 

Ar, 

s. 

S 

Ar, 

S, 

s 

Aa, 

S« 

as 

Ad, 

S, 

s 

Ad, 

A*  block 

S, 

s 

A7 

S, 

s 

Ar 

B  Matrix 

Elements  of 

the  Oui*or>Plane 

Coordinates^ 

c 

N 

Cl 

s. 

2.0500 

■0.7399 

0.0000 

-0.6832 

-0.0269 

S, 

-0.7289 

1.6166 

-0.944 1 

0.6832 

•0.C269 

*  From  rcferencv  (5>  union  dctonmncd  in  this  work.  Dermitions  of  F  and  F 
are  in  Fig  1. 

^  Determined  in  this  work  as  an  average  structure. 

All  values  given  are  out-of-plane  components,  as  all  other  components  are  zercb 


The  procedure  for  determining  the  parameters  was  the  same  as  that  described 
above  for  the  tq  parameters,  except  that  the  average  moments  of  inertia  were  used. 
The  assumed  Q— N  lengths  were  the  same  as  before.  The  results  are  in  Table  VI. 
Somewhat  surprisingly  the  angles  are  essentially  the  same  as  in  the  effective  structure. 
The  uncertainties,  however,  are  much  less  (because  the  average  inertial  defect  is  neg¬ 
ligible)  but  are  still  somewhat  larger  than  ideal.  The  angle  obtained  with  r(N— Q) 
®  1.745  A  is  suflSciently  certain,  however,  that  it  can  be  taken  as  the  most  rea.«ionable, 
especiaUy  as  the  uncertainty  increases  as  r(N— Q)  is  increased  further.  It  is  noticeable 
that  ((C=N— Q)  *  1 12.0®,  midway  between  ((C=N— ,T)  of  CF2=NF  (107.9®)  and 
of  CQ2=NQ  (1 17.1  ®).  The  N— Q  length  is  much  greater  than  that  in  CQ2=NQ. 


TABLE  VIII 

The  Harmonic  Force  Field*  of  CFjNQ 


Parameter 

Value 

Parameter 

Value 

Species  A' 

f,, 

8.69(36)^ 

f». 

0.773' 

f.2 

0.0 

fjs 

0.0 

f.J 

0.0 

fj. 

-0.01' 

fl. 

0.0 

•0.765' 

r,. 

0.0 

r.. 

7.49' 

r,. 

0.367' 

r.s 

0.0 

fir 

0.367' 

f.s 

-0.765' 

f22 

4.21(331 

f.r 

•0.01' 

fjj 

0.0 

fss 

1.441(37) 

f*. 

0.0 

Tss 

0.377(42) 

fjs 

1.22(15) 

fsr 

0.0 

fj. 

0.0 

fs. 

2.560(100) 

fir 

0.0 

1.374' 

fji 

7.53' 

fjT 

2.513(60) 

Species  A* 

r.. 

0.551(23) 

0.207(66) 

r., 

0.007' 

*  Units  ar*  mdyn/A  for  stretching  constanu,  mdyn  A/rad’  for  bending 
eonstanu,  and  mdyn/rad  for  stretch'bend  interactions. 

^  Numbers  in  parentheses  are  one  standard  deviation  in  units  of  the  last 
significant  figures.  Force  constants  without  numbers  in  parentheses 
were  kept  constrained  in  the  refinement. 

Values  transferred  from  harmonic  force  field  of  CF2NF  (5). 


DISCUSSION 

Although  we  do  not  have  enough  isotopic  data  to  reach  definite  conclusions,  it 
seems  fairly  clear  that  the  struemre  of  CF2=NQ  is  a  hybrid  of  those  of  CF2=NF  and 
CQ2=NQ.  This  conclusion  depends  substantiaUy  on  the  validity  of  transferring  bond 
lengths  and  angles  firom  CF2=NF  to  CF2=NQ.  We  have  had  little  choice  in  the 
matter,  however,  and  it  is  encouraging  that  the  CN  stretching  frequencies  are  the  same 
in  the  two  molecules.  The  C— Q  bond  would  appear  to  be  much  longer  in  CF2=NQ 
than  in  Ca2=Na,  and  much  nearer  the  sum  of  the  single  bond  radii  (1.73  A)  (75). 

The  force  field  is  probably  also  the  best  available  from  the  experimental  data  alone. 
It  is  interesting  that  the  CN  stretching  constant  is  lower  than  in  CF2=NF.  This  may 
be  the  result  of  the  constraints  chosen.  However,  the  uncertainty  of  our  value  is  large, 
and  the  two  constants  agree  within  one  standard  deviation. 

The  quadrupole  coupling  constants  also  contain  structural  information.  Since  the 
molecule  is  pl^ar  the  ratio  of  the  coupling  constants  Xa<^*Cl)/Xa(^’Cl)  should  be  the 
ratio  of  the  quadrupole  moments  of  the  nuclei  (1.2688).  The  value  obtained  is  1.289 
±  0.024,  which  is  in  fair  agreement. 
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TABLE  IX 

Observed  and  Calculated  Wavenumbers  and  Centrifugal  Distortion  Constants  of  CF2NO 


CF,,N^^C1 

CF,N=' 

Cl 

obs^ 

.  b 
calc 

obs<alc 

.  a 
obb 

cak** 

obs>calc 

Wavenumber! 

1  (cm'^l 

1728.0 

1732.0 

•4.0 

- 

1731.9 

•’2 

1322.0 

1359.0 

-37.0 

- 

1359.0 

•’2 

981.0 

977.5 

3.5 

- 

976.3 

»■. 

771.0 

769.7 

1.2 

- 

767.0 

Vi 

S98.0 

594.2 

3.8 

- 

594.0 

Vt 

465.0 

467.5 

•2.5 

- 

463.1 

Vi 

228.0 

230.5 

-2.5 

- 

228.4 

*>• 

658.0 

658.0 

0.0 

- 

658.0 

Vs 

234.0 

234.0 

0.0 

— 

233.2 

Centrifugal  Distortion 

Constants  (kHz) 

0.358 

0.376 

•0.017 

0.367 

0.360 

0.007 

^JK 

3.939 

3.952 

0.013 

3.813 

3.820 

0.007 

8.05 

8.094 

0.044 

8.16 

8.242 

•0.082 

0.069 

0.067 

0.002 

0.062 

0.063 

•0.001 

2.546 

2.545 

•0.001 

2.474 

2.457 

•0.017 

*  Observed 

wavenumbers  are  from 

reference 

(3).  Observed 

distortion 

constants 

are  from 

this  work. 

^  Calculated 

values 

were  obtained 

from  the 

harmonic  force 

field  given  in 

Tabic  vm. 


The  principal  values  of  the  Q  quadrupole  coupling  tensor  were  determined  for 
CF2=N^^C1-  In  the  absence  of  a  value  for  the  off-diagonal  constant  Xab,  it  was  necessary 
to  assume  that  the  QN  bond  is  a  principal  axis  (the  2-axis).  The  structure  was  taken 
to  be  the  r,  structure  with  r(N— Q)  =  1.745  A.  The  principal  values  obtained  were 
Xzz  =“11 1.72  MHz,  Xyy  —  Xcc  —  48.18  MHz,  Xxx  —  63.54  MHz. 

The  value  of  Xzz  is  very  near  that  of  the  Q  atom.  Since  chlorine  and  nitrogen  have 
essentially  the  same  electronegativity,  such  a  value  is  to  be  expected  if  the  QN  bond 
is  essentially  covalent  (76).  Sin<»,  in  fact  IxrrI  =  1 1 1.72  MHz  is  slightly  larger  than 
lxa«ioml  =  109.7  MHz,  any  ionic  character  will  be  due  to  forms  containing  (not 
Q“).  The  difference  Xxx'Xyy  gives  a  measure  of  the  double  bond  character  of  the  bond 
(77,  IS).  This  value  is  ~9%.  With  this  in  mind,  and  ignoring  any  effects  of  hybridization 
or  screening  at  Q,  the  ionic  character  is  found  to  be  ~7%  and  the  covalent  single 
bond  charaaer  -~84%  (76,  79). 

The  '^N  coupling  constants  also  contain  structural  information.  Since  the  6-inertial 
axis  is  very  nearly  f^allel  to  the  bisector  of  the  QNC  angle,  we  have  taken  it  to  be  a 
principal  axis  of  the  '^N  quadrupole  tensor.  An  attempt  was  made  to  relate  orbital 
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populations  to  the  coupling  constants  using  Townes-Dailey  theory  (76,  79).  The  "‘N 
atomic  constant  ^^^210  was  taken  to  be  - 10  MHz. 

The  calculations  were  done  assuming  hybridization  at  N.  The  basis  2p  orbitals 
were  taken  to  be  <l>pb,  ^pc,  directed  parallel  to  the  corresponding  inertial  axes,  with 
populations  ria,  rib,  ric,  respectively.  The  “lone  pair”  hybrid  orbital  (^lp,  population 
njjp)  is  parallel  to  the  Tvaxis;  the  remaining  hybrid  orbitals  are  directed  toward  Cl  (i/'Na> 
population  wno)  and  C  (^c>  population  «nc)-  The  orbital  perpendicular  to  the  mo¬ 
lecular  plane  is  the  pure  2p  orbital  <t>pc.  The  actual  hybrid  orbitals  used  were  those 
suggested  by  Gordy  and  Cook,  taking  account  of  the  fact  that  ((Q— N=C)  =  1 12®, 
rather  than  120®  (Ref.  (79),  Eqs.  (14.115)  and  (14.130)).  These  gave  the  following 
relations  between  basis  and  hybrid  orbital  populations: 

ria  ~  — ^Na) 

I 

rib  ~  0.227 5(?1nc  ^nq)  "I*  0.5446/7lp 


«c  =  «c-  (4) 

Since  four  hybrid  orbital  populations  were  to  be  related  to  two  experimental  coupling 
constants,  two  populations  were  assumed.  Following  Ref.  (77),  these  were  taken  to  be 
«Na  =  1.07,  from  the  ionic  character  of  Q,  and  /inc  =1-1,  from  the  electronegativity 
difference  of  C  and  N.  Two  calculations  were  then  performed:  (i)  With  wlp  =  2  and 
«c  =  1,  Xw>  was  found  to  be  -5.4  MHz,  in  poor  agreement  with  experiment,  (ii) 
Starting  from  the  observed  coupling  constants,  nu>  was  found  to  be  1 .88  and  was 
1.33;  these  are  reasonable  figures,  and  suggest  in  particular  considerable  out-of-plane 
T-donation  to  N. 

The  results  of  the  '^N  calculations  are  summarized  in  Table  X.  This  table  also 
contains  for  comparison  purposes  the  results  of  an  ab  initio  calculation,  using  a  Gauss- 

TABLEX 

Observed  and  Calculated  '*N  Quadrupole  Coupling  Constants  (MHz)  in  CF2NG 


Paruneier 

Ezpeiimenial 

Calculated 

Ab  Initio 

sp’ hybrid 

orbitals 

3.42 

4.66 

2.08 

*ec 

-0.30 

-1.39 

3.32 

*W) 

-3.12 

-3.27 

-5.40 

n 

a 

1.082* 

0.856 

1.082 

n 

1.330* 

1.260 

1.000 

"b 

1.519* 

1.385 

1.582 

*  Calculaud 

using  sp’  hvfarid  orbital 

-wavefunetions  and 

nparimentalW 

determined 

quadrupole  coupling  constants,  as  described 

in  the  text. 
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ian  70  computer  program  with  an  STO-3G  basis  set.  The  structure  was  the  structure 
with  r(N— Q)  =  1.745  A.  The  ^reement  of  the  calculated  '“N  orbital  populations 
with  those  obtained  by  method  (ii)  above,  and  of  the  calculated  ‘^N  coupling  constants 
with  the  experimental  values,  is  quite  good.  The  same  calculation  also  gave  3p  orbital 
populations  at  Q;  it  is  interesting  that  the  coupling  constants  derived  from  them 
are  Xaa  =  -61.4  MHz,  xm  =15.4  MHz,  and  Xcc  =  46.1  MHz,  also  in  good  agreement 
with  experiment. 
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The  Pyrolyses  of  Trifluoromethylazide  and  Hexafluoroazomethane 
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Trifluoromethylazide.  trons-Hexafluoroazomethane.  Perfluoromethanimine. 

Gas  Phase  Pyrolysis.  PE  Spectra.  MO  Calculations 

Trifluoromethyl  azide  decomposes  in  a  low-pressure  flow  system  at  rather  high  temperatures  by 
splitting  off  N;.  The  nature  of  the  resulting  products  depends  largely  on  the  wall  material  of  the 
pyrolysis  tube;  using  molybdenum  above  1120  K.  FCN  is  observed  exclusively.  Neither  F-C=NF 
nor  FiC— N=N— CFj  can  be  detected  as  intermediates  by  comparing  their  PE  spectra  with  those 
continuously  recorded  while  increasing  the  temperature.  F,C— N=N— CF-.  fragments  already  at 
870  K  to  give  N;  and  FjC— CF,.  The  PE  spectra  of  FjCN,  and  F;C=NF  are  assigned  based  on 
MNDO  calculations. 

Die  thermische  Zersetzung  kovalenter  Azide  ist  AT 

wegen  der  haufig  nachweisbaren  reaktiven  Zwi-  "-N  ^  o) 

schenprodukte  und  den  hieraus  erhaltlichen  Infer-  X  ^ 

mationen  uber  den  Reaktionsablauf  von  Interesse 
[1-7],  Azid-Pyrolysen  kdnnen  in  der  Gasphase  mil 

PE-spektroskopischer  Echueil-Analytik  [8]  gefahr-  Alkylazide  mit  Akzeptor-Substituenten  X  und  Y 
los  studiert  werden:  Die  Ausgangssubstanzen  sind  in  sollten  daher  einen  einfachen  Zugang  zu  C-Akzep- 

der  Regel  nur  als  Fliissigkeiten  explosiv.  und  es  genii-  tor-substituierten  Iminen  eroffnen.  Das  zunachst  un¬ 
gen  bei  einem  Druck  von  etwa  10"*  mbar  Millimol-  tersuchte  Difluormethylazid  F;HC-N;  liefen  jedoch 

Mengen.  um  innerhalb  weniger  Stunden  in  einem  ein  unerwartetes  Ergebnis  [7]:  Seine  Pyrolyse  be- 

aufheizbaren  Stromungsrohr  zwischen  300  K  und  ginnt  bei  720  K  und  verlauft  oberhalb  940  K  voll- 

1200  K  fortlaufend  die  lonisationsmuster  der  Gase  standig  nach: 

zu  registrieren.  Aus  den  Anderungen  dieser  ..Reak- 

tions-Fingerabdriicke"  laBt  sich  die  N;-Abspaltungs-  n ^  H F  +  fc N  (2) 

temperatur  ablesen.  und  es  kdnnen  die  Hauptpro- 
dukte  der  Azid-Zersetzung  durch  Vergleich  mit 

ihren  meist  literaturbekannten  PE-Spektren  identifi-  Die  Zersetzungsiemperatur  liegt  100  K  fiber  der 
ziert  werden  [8].  des  unsubstituienen  Methylazids  [4].  aus  dem  unter 

Die  Pyrolyse  von  Alkylaziden  fiihrt  -  bei  Abwe-  N;-Abspaltung  und  1.2-H-Wanderung  zunachst 

senheit  von  Nachbargruppen-Effekten  wie  im  Falle  H2C=NH  und  erst  bei  weiterer  Temperaturerhd- 

von  Vinylazid  [5]  —  unter  1.2-Wanderung  von  hung  unter  H;-Eliminierung  das  stabile  Endprodukt 

R*=H  Oder  CHj  zu  Alkaniminen  [1-7].  welche  bei  HCN  entsteht  [4].  Im  Gegensatz  hierzu  werden  bei 

tiefen  Temperaturen  in  Substanz  isolien  werden  der  Umsetzung  (2)  charakteristische  PES-Banden 

kdnnen  [2.  3):  fur  das  Imin  F;C=NH  nicht  beobachtet.  obwohl 

MNDO-Energiehyperflachenberechnungen  [7]  fiir 

_ _ _ _  die  HF-Abspaltung  zu  FCN  eine  relatit  hohe  Bar- 

'  Sonderdruckanforderungen  an  Prof.  Dr.  H.  Bock.  riere  von  etwa  120  kJ/mol  voraussagen.  Als  Erkla- 

VerlagderZeitschriftfurNaturforschung.D-7400Tubingen  ..chemische  Aktivierung"  vorge- 

0340-  5087/87/0300-0308.'S  01. 00/0  schlagen  [9]:  Zu  der  bei  940  K  erheblichen  Aktivie- 
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rungsemhalpie  fiir  die  FjCNi-Zersetzung  ist  die  Re- 
aktionsenthalpie  der  stark  exothermen  N;-Abspal- 
tung  zu  addieren.  und  die  entsrehenden  Moiekiile 
F;C=NH  enthalten  somit  einen  erheblichen  .,Ener- 
gieiiberschuB" .  Dieser  kann  umer  naherungsweise 
unimoiekularen  Zersetzungsbedingungen  nicht  mehr 
effekiiv  ..dissipien"  werden.  und  die  Zwischenver- 
bindung  F;C=NH  sollte  daher  unter  AusstoB  des 
thermodynamisch  giinstigen  Abgangsmolekiils  HF 
..zerplat2en“  [2.  3.  7], 

Fiir  das  perfluoriene  Homologe  Trifluormethyl- 
azid  FiC-Nj  ist  keine  analoge  Eliminierung  zu  er- 
warten.  da  F;  eine  denkbar  schlechte  Abgangs- 
gruppe  darstellt.  Bei  seiner  thermischen  Zersetzung 

F,C-N,  - ^ — ►  i'^F-C=NF?i ^^FCN  (31 

’  ’  -N,  V"  -F, 

sollte  daher  das  in  Substanz  isolierbare  Perfluor- 
methanimin  [10]  gegebenenfalls  nachweisbar  sein. 


tren  von  N;  [12].  F;  [13]  und  CN  [14]  sind  literaturbe- 
kannt. 

Das  PE-Spektrum  von  FjC-N,  (Abb.  1)  zeigt  bei 
11.45  eV  und  12,87  eV  2  Einzelbanden:  zwischen 


cps 


A.  Die  PE-Spektren  von  FjC— Nj  und  F2C=NF 

Fiir  die  PES-Analytik  von  Thermolyse-Gasgemi- 
schen  [8]  ist  es  von  Vorteil.  die  lonisationsmusterder* 
unzersetzten  Ausgangsverbindung  sowie  zu  en^ar- 
tender  Zersetzungsprodukte  vorab  einzein  aufzuneh- 
men.  Trifluormethylazid  FiC-N-s  ist  dutch  Reaktion 
von  FjC-NO  mit  NiHi  [11]  und  anschlieBender  Oxi¬ 
dation  dutch  CF.  und  Perfluormethanimin  F:C=NF 
dutch  Umsetzung  von  CICN  mit  F;  und  CIF  [10]  in 
Substanz  darstellbar  (vgl.  Exp.  Teil).  Die  PE-Spek- 


F. 

F' 


^C=N'' 


Abb.  1.  He(l)-PE'Spektren  von  Trifluormethylazid  und 
Perfluormethanimin  mit  Zuordnung  anhand  von  MNDO- 
Rechnungen  (vgl.  Text). 


Tab.  I.  Vertikale  lonisierungsenergien  IE),.  MNDO-Eigenwerte  und  Symmetriezuordnung  der  M'®-Zustande 

fiir  FiC-Ns.  F-C=NF  und  FCN  (vgl.  Text). 
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15  eV  und  19  eV'  Qberlappen  nach  Koopmans-Kor- 
reiation.  1E'„  =  — mit  MNDO-Eigenwerien 
(Tab.  I)  mindestens  11  weitere  lonisierungen.  Die 
deiailliene  Zuordnung  weiterer  Banden.  insbeson- 
dere  im  /ip-Bereich  zwischen  15,5  und  18  eV.  ist  we- 
gen  der  hohen  Zustandsdichte  in  dieser  Region 
schwierig.  Das  PE-Spektrum  von  F?C— Nj  ahneh  er- 
wanungsgemaB  dem  von  FiHC-Ni  [7];  die  Zuord¬ 
nung  (Abb.  1  und  Tab.  1)  laBt  sich  zumindest  fur  die 
charakteristischen  lonisierungen  in  die  drei  niedrig- 
sten  Radikalkation-Zustande  mit  ilbenviegenden 
Anteilen  der  N^-Gruppe  X(,tS,).  AIonJ  und  Os,  (4) 
durch  Zustandsvergleich  mit  anderen  kovalenten 
Aziden  stvitzen: 
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13- 

15- 

16- 
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(ev) 
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_  (71  p4]  [41  C2] 

R  s  CFj  CFjH  H  CH,  C<CH3)3 


14) 


Die  erste  lonisierungsenergie  (.t^J  von  FiC— Ni  ist 
im  Vergleich  zu  Methylazid  [4]  um  1.64  eV  und  zu 
FiHC-Ni  [7]  um  0,37  eV  erhoht.  die  zweite  lonisie- 
rung  (a*  J  liegt  1,5  eV  hdher  als  die  von  Methylazid 
und  0,4  eV  hdher  als  die  von  FiHC— N;.  Relati\'  zur 
Stammverbindung  HN-,  [15]  treten  die  Donor-Effek- 
te  von  Alkylgruppen  und  die  Akzeptonvirkung  von 
Fluormethyl-Substituenten  deutlich  hervor  (4). 
Auch  in  diesem  Falle  erhoht  der  literaturbekannte 
Perfluoralkyl-Effekt  [13]  die  lonisierungsenergien 
von  ,T-  und  a-Zustanden  um  vergleichbare  Betrage. 
Hingewiesen  sei  abschlieBend  auf  die  in  der  ersten 
lonisierungsbande  von  FiC  — Ni  erkennbare  Schwin- 
gungsfeinstruktur  mit  v^~1000  cm"'  (Abb.  1;  In¬ 
sen),  deren  O— »0-Ubergang  im  Geeensatz  zu 


HiC— N',  [4]  nur  eine  geringe  Intensitat  aufweist.  Die 
hierdurch  nahegelegte  Strukturanderung  bei  Ionisa¬ 
tion  in  den  Grundzustand  des  Radikalkations 
FiC— laBt  sich  durch  closed  und  open  shell 
MNDO-Rechnungen  unter  Geometrieoptimierung 
reproduzieren  [2]: 


Augenfallig  ist  der  verlangert  vorausgesagte  C— N- 
Bindungsabstand. 

Fiir  das  30-Valenzelektronen-Molekul  F;C=NF 
werden  im  He(I)-MeBbereich  nach  einer  niitzi.chen 
Faustregel  [16]  10  lonisierungen  ei^vartet.  Von  die- 
sen  lassen  sich  9  im  PE-Spektrum  bis  20  eV  (Abb.  1) 
durch  Koopmans-Korrelation  mit  MNDO-Eigen- 
wenen  (Tab.  I)  auffinden;  erneut  behinden  die  hohe 
Zustandsdichte  zwischen  16-18  eV  eine  detailliene 
Zuordnung  in  diesem  Bereich.  Die  beiden  lonisie¬ 
rungen  niedriger  Energie  fiihren  in  die  fiir  Imine  cha¬ 
rakteristischen  Radikalkation-Zustande  X(.Tcn)  und 
A(ns):  relativ  zum  Grundkorper  H:C=NH  [2.  4]  er- 
folgt  somit  Sequenzumkehr: 


ErwartungsgemaB  [17]  erhoht  ..Perfluor-Substitu- 
tion"  des  planaren  Methanimins  infolge  der  groBeren 
effektiven  Kernladung  von  F  alle  o-lonisierungsener- 
gien.  wahrend  durch  ../ip— *-T-Ruckbindung“  die 
Lage  der  ,Tc\-Bande  relativ  zu  Methanimin  weitge- 
hend  unverandert  bleibt.  Die  Differenz  der  beiden 
niedrigsten  MNDO-Eigenwerte  betragt  1.45  eV 
(Tab.  I);  nach  zJSCF(MNDO)-Berechnuneen  sollte 
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die  «s-Bande  bei  13.01  eV  liegen  und  daher  mit  der 
,TcN-B2nde  iiberlappen.  Fiir  den  F;C=NF®-Grund- 
zustand  X(-A")  wird  ein  langerer  Bindungsabstand 
dc.N  berechnet: 

F  f 

131  /iTTViJ*  -e® 

c=N  — n - 

131  IE,  ■11.74  ev 

F 

M:X(A') 


17) 


M®:X(A") 


Dieser  Befund  laBt  fiir  die  -TcN-Bande  eine  langere 
Progression  der  C=N-Valenzschwingung  (vmndo  = 
980  cm~‘)  mit  Maximum  bei  hohem  v®  erwanen 
tvgl.  Abb.  1).  Fiir  Methanimin  wird  bei  Ionisation  in 
den  ,TcN-Radikalkaiionzustand  eine  geringere  Ver- 
langerung  des  CN-Abstandes  von  128  pm  auf 
136  pm  berechnet  [2];  damit  ubereinstimmend  ist  der 
0-»0-Obergang  der  zweiten  Bande  der  intensivste. 
Ahniiche  Unterschiede  werden  bei  den  Molekiilpaa- 
ren  H:C=CH;  F^C^CFi.  H:C=0  <*>  F;C=0  und 
H;0  <=>  F;0  [17]  gefunden.  MNDO-Rechnungen  sa- 
gen  fiir  F;C=NF  ®  zugleich  eine  hohe  N-Inversions- 
barriere  von  etwa  140  kJ/mol  voraus.  die  relativ  zu 
der  des  Neutralmolekiils  F;C=NF  ((2):  195  kJ/mol) 
nur  urn  50  bis  60  kJ/moi  verringert  sein  sollte.  Im 
Gegensatz  hierzu  werden  fiir  Imin-Radikalkationen 
wie  H:C=NH  ®.  bei  denen  die  lonisierung  aus  dem 
n\-Elektronenpaar  erfolgt  (6).  stark  aufgeweitete 
Bindungswinkel  <CNR  und  erheblich  erniedrigte 
Inversionsbarrieren  berechnet  (i2];  z.B.  fiir 
H;C=NH  ein  Winkel  <CNH  156*  und  eine  Barriere 
von  nur  3  kJ/mol). 

Das  literaturbekannte  PE-Spektrum  von  FCN  [14] 
(Abb.  2)  enthalt  im  MeBbereich  5  lonisierungen 
(Tab  I)  mit  ausgepragter  Schwingungsfeinstruktur. 


F-C-N^ 
f'  'n 


>1120K 


'N 


-N, 


F' 


F-ChN 


AbFi.  2.  He(I  )-PE-Spekiren  von  Trifluormethylazid  und 
seiner  Zerseizungsprodukte  bei  Pyrolyse  im  Kurzweg-Ofen 
mit  Molybdan-Rohr  bei  1160  K  und  1270  K  (vgl.  Text;  N- 
Banden  schwarz). 


B.  Die  Pyrolysen  von  FjC— N3  und  F3C— N=N— CFj 

Bei  Pyrolyse  von  F1C-N3  im  Kurzweg-Ofen  [17] 
des  PE-Spektrometers  (vgl.  Exp.  Teii)  treten  erst 
oberhalb  1120  K  die  charakteristischen  N;-Banden 
auf  (Abb.  2:  schwarz).  welche  die  beginnende  Azid- 
Zerseuung  anzeigen.  Gleichzeitig  wird  das  lonisa- 
tionsmusier  von  FCN  (Abb.  2)  sichtbar.  Bei  1270  K 
erfolgt  die  Umsetzung  nahezu  vollstandig;  Banden 
weitei’cr  Produkte.  insbesondere  der  bei  1.2-F-Wan- 
derung  (1)  zu  erwartenden  Zwischenverbindung 
F;C  =  NF  (Abb.  1)  oder  des  stochiometrisch  erfor- 
derlichen  F;.  sind  nicht  zu  erkennen. 


Die  PE-spektroskopischen  Befunde  lasscn  sich  un- 
ter  Annahme  erkJaren.  daB  bekanntermaBen  korro- 
sive  Verbindungen  wie  F;  Oder  F:C=NF  [19^  die 
Wandung  des  beheizten  Molybdan-Rohres  fluorie- 
ren  und  daher  fiir  die  Zersetzung  von  FiC— N.  fol- 
gende  Gesamtbilanz  resultiert: 

PjC-Nj  MWo),  -  FCN  -  (MoFj,  (81 

Die  Pyrolyse  wird  daher  in  einem  extern  beheizten 
Ouarzrohr  von  20  cm  Lange  wiederholt.  Die  N;-Ab- 
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spaltung  beginnt  bei  bereits  820  K.  und  bei  1020  K  ist 
FiC— N-.  vollstandig  zerseizt.  Es  wird  keine  Bildung 
von  F;C=NF  oder  FCN  beobachtet;  als  Produkt  ist 
neben  N;  unerwanet  N;0  an  den  scharfen  Nadeln 
bei  12.89  eV  und  16.4  eV  [12]  nachweisbar.  Des  wei- 
teren  bleibt  auch  bei  vollstandiger  Zersetzung  von 
F,C— N?  zwischen  12.5  eV  und  14  eV  eine  breite 
Bande  erhalten.  die  das  Entstehen  einer  weiteren 
Verbindung  unbekannter  Struktur  nahelegt.  Die  An- 
wesenheit  von  SiFj  im  Pyrolysegemisch  ist  nicht  aus- 
zuschlieBen:  allerdings  werden  weder  CO  noch  CO2 
beobachtet.  die  in  der  Regel  bei  Fluorierung  von 
Quarz  mit  Fluorkohlenwasserstoffen  auftreten  [20]. 

Die  beobachtete  Bildung  von  NiO  lieBe  sich  iiber 
einen  mindestens  zwei  N-Atome  enthaltenden  Vor- 
laufer  wie  Hexafluorazomethan  formulieren,  das 
analog  zur  bekannten  Darstellung  des  Cyan-Deriva- 
tes  NC— N=N— CN  dutch  Pyrolyse  von  NC-N3  [21] 
aus  Trifluormethylazid  nach 


entstehen  konnte.  Das  literaturbekannte  [22]  PE- 
Spektrum  von  trans-Hexafluorazomethan  (Abb.  4) 
weist  eine  isoliene.  breite  Bande  bei  11.50  eV  auf. 
die  der  /iv-Ionisierung  zugeordnet  ist  und  die  in  den 
wahrend  der  FiCNi-Pyrolyse  registrierten  PE-Spek- 
tren  nicht  beobachtet  wird.  Allerdings  konnte  sich 
FiC— N=N— CFi  unter  den  Pyrolyse-Bedingungen 
sofort  weiter  zerseizen.  und  sich  so  einem  PE-spek- 
troskopischen  Nachweis  als  Zwischenprodukt  entzie- 
hen.  Aus  diesem  Grunde  wird  seine  thermische  Zer¬ 
setzung  (Abb.  3)  zusatzUch  untersucht. 

Die  N;-Abspaltung  aus  F3C-N=N— CF?  beginnt 
bereits  bei  870  K  und  erfolgt  oberhalb  920  K  voll¬ 
standig  (Abb.  3).  Bei  den  zur  Pyrolyse  von  FjC-N;. 
erforderlichen  Temperaturen  von  1120  K  ist  daher 
Hexafluorazomethan  somit  nicht  mehr  bestandig. 
Bei  seiner  unter  vergleichbaren  Bedingungen  im  ex- 
temen  Quarzrohr  mit  20  cm  langer  Heizzone  durch- 
gefiihrten  Thermolyse  (Abb.  3)  entstehen  weder 
NjO  noch  F;C=NF  oder  FCN;  Als  Produkte  werden 
PE-spektroskopisch  auBer  N;  Spuren  von  CO  [12] 
sowie  CO;  [12]  beobachtet.  die  sich  bei  Reaktionen 
von  FjC-Gruppen  mit  der  Quarzoberflache  bilden 
[20];  groBere  Mengen  SiFj  lassen  sich  Jedoch  nicht 
nachweisen.  Das  durch  Computersubtraktion  der 
N;-.  CO-  und  CO;-Banden  erhaltene  Spektrum  des 
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Abb.  3.  He(I)-PE-Spekiren  von  iron^-Hexafluorazome- 
than  und  der  bei  Pyrolyse  im  externen  Quarzrohr  bei  880  K 
und  920  K  entstelienden  Produkte  (vgl.  Text.  N;-Banden 
schwarz).  Computer-Subtraktion  der  lonisationsmuster 
von  N;.  CO  und  CO;  liefert  das  schraffierte  Spektrum. 
welches  nach  Literaturvergleich  [23]  Hexafluorethan  zu- 
zuordnen  ist. 


Hauptproduktes  (Abb.  3;  schraffiert)  1st  nach  Ver- 
gleich  mit  dem  literaturbekannten  [23]  PE-Spektrum 
Hexafluorethan  zuzuordnen; 

F3C-CF3*  N,  (-CO* CO,)  ;q; 

Hexafluorazomethan  ist  somit  nicht  der  gesuchte  .N;- 
Vorlaufer. 

Zusammenfassend  ist  festzuhalten;  Die  Pyrolyse 
des  thermisch  sehr  bestandigen  Trifluormethylazids 
erfolgt  erst  oberhalb  von  1120  K  und  fuhrt  —  ver- 
mutlich  unter  Bildung  von  Oberflachen-Fluoriden  an 
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der  Wandung  des  verwendeten  beheizien  Molybdan- 
Rohres  -  iiberwiegend  zu  N;  und  FCN.  Das  bei  syn- 
chroner  N;-Abspaltung  und  1.2-F-Wanderung 
[1—4.  7]  zu  erwartende  F;C=NF  wird  nicht  beobach- 
tet.  Auch  Ouarz  als  Ofenmaterial  ist  zu  seinem 
Nachweis  ungeeignet;  hier  bildet  sich  aus  FiC— Nj 
ein  Gemisch  gasfdrmiger  Produkte,  das  unter  ande- 
rem  N;  und  N;0.  jedoch  weder  F2C=  <F  noch  FCN 
als  PE-spektroskopisch  identifizierbari:  Bestandteile 
enthalt.  Des  weiteren  kann  Hexafluorazomethan  als 
Zwischenstufe  der  Pyrolyse  von  FiC— Nj  ausge- 
schlossen  werden.  da  seine  bei  250  K  niedriger  Tem- 
peratur  ablaufende  Zersetzung  unter  N;-Eliminie- 
rung  zu  FiC— CFj  fuhrt.  Die  intermediare  Bildung 
eines  Trifluormethylnitrens  (FiCN)  bei  der  N^-Ab- 
spaltung  aus  FiCNs  ist  daher  wenig  wahrscheinlich; 
vermutlich  ent.steht  als  Zwischenprodukt  zunachst 
F:C=NF.  Obwohl  diese  Verbindung  bei  Normalbe- 
dingungen  in  Substanz  isolierbar  ist,  kann  sie  bei  den 
hohen  FiCN-Pyrolysetemperaturen  PE-spektrosko¬ 
pisch  nicht  nachgewiesen  werden:  Die  korrosive  und 
zusatzlich  ..chemisch  aktivierte"  Verbindung  reagiert 
zum  Endprodukt  FCN  weiter. 


Experimenteller  Teil 

Trifluormethylazid  wird  nach  [11]  aus  F3C-NO 
(Alfa)  und  wasserfreiem  Hydrazin  [24]  in  abs.  Me¬ 
thanol  bei  200  K  hergestellt  und  durch  fraktioniertes 
Umkondensieren  in  einer  Hochvakuum-Apparatur 
gereinigt;  Ausb.  72%  (Lit.  89%).  Die  Reinheitsprii- 
fung  erfolgte  durch  Vergleich  mit  einer  von  Dr. 
K.  O.  Christie  (Rockeidyne  Corp..  Calif.)  freund- 


licherweise  zur  Verfiigung  gestellten  authentischen 
Probe. 

Phoioelektronen-Spektren  werden  mit  einem  Spek- 
trometer  LEYBOLD  HERAEUS  UPG  200  [8]  bei 
10”'*  mbar  Druck  und  mil  etwa  lO'*  cps  registriert;  die 
Auflbsung  betrug  30  meV.  Alle  Spektren  sind  mit 
den  Xenon-  und  Argon(‘Pio)-Peaks  geeicht. 

Kurzweg-Pyrolyse  im  Molybddn-Rohr:  Das  PE- 
Spektrometer  UPG  200  ist  mit  einem  eingebauten 
Kurzweg-Pyrolyseofen  [18]  ausgestattet.  Das  Pyro- 
lyserohr  aus  Molybdan  (Lange  10  cm.  Durchmesser 
5  mm.  Heizzone  50  mm)  ist  im  Temperaturbereich 
bis  680  K  widerstandsbeheizt;  oberhalb  680  K  wird 
zusatzlich  eine  ElektronenstoB-Heizung  eingeschal- 
tet.  mit  der  innerhalb  Minutenfrist  Temperaturen  bis 
1500  K  erreichbar  sind.  Der  Abstand  zwischen  dem 
Ende  der  Pyrolyse-Zone  und  der  MeBkammer  des 
PE-Spektrometers  betragt  nur  2  cm  und  es  ist  daher 
moglich.  auch  Verbindungen  mit  Lebensdauern  im 
Bereich  einiger  Millisekunden  zu  vermessen. 

Pyrolyse  im  Quarz-Rohr:  In  die  Probenschleuse 
des  UPG  200  wird  ein  Glasrohr  mit  Normschliff  ein- 
gefiihrt.  an  das  ein  Pyrolyserohr  aus  Ouarz  (Lange 
35—45  cm.  Durchmesser  15  mm)  angeschlossen 
wird.  Die  Beheizung  erfolgt  durch  einen  klappbaren 
Rohrenofen  (Lange  der  Heizzone  30  cm.  max. 
Temp.  1500  K). 

MNDO-Rechnungen  sind  unter  voller  Geometrie- 
Optimierung  mit  dem  MOPAC-Programm  [25] 
durchgefiihrt  worden. 

Die  Untersuchungen  wurden  von  der  Deutschen 
Forschungsgemeinschaft.  dem  Land  Hessen  und 
dem  Fonds  der  Chemischen  Industrie  gefbrdert. 
Herrn  Dr.  K.  O.  Christie  (Rocketdyne  Corp..  Cali- 
fornien)  danken  wir  fiir  die  Uberlassung  einer 
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ABSTRACT 


The  reaction  of  F-C=N  with  Br^  and  KF  yields  N-bromodif luoro- 
nuethanimine,  CF^^NBr  (1),  a  new  imine  containing  a  reactive  nitrogen- 
bromine  bond.  (^)  adds  to  carbon  monoxide  upon  photolysis  to  yield 
BrCF^NCO  and  adds  to  fluoroolefins  either  thermally  or  photochemical ly 
to  yield  adducts  of  the  form,  CF2“N-CF2CFXBr  (X  =  F,  Br) .  Pyrolysis  of 
(1)  at  550®C  in  a  Pyrex  flow  system  produces  CF^=N-N=CF2  in  excellent 
yield. 

The  reaction  of  CF2=NF  with  Q)  over  KF  produces  a  linear  adduct, 
CF^NCF) -CF=N-Br ,  which  can  be  annulated  to  the  isomeric  N-bromo-diazir- 
idine,  CF^NCF^N-Br,  by  treatment  with  CsF.  The  diaziridine  is  photo¬ 
sensitive  and  decomposes  in  sunlight  to  CF^NssCF^,  Br^  and  N2. 

Fluoride-catalyzed  reactions  of  unsaturated  carbon-nitrogen  com¬ 
pounds  determine  the  relative  nucleophilicity  of  fluorinated  nitrogen- 
based  anions.  Competitive  reactions  of  pairs  of  the  following  compounds 
(FCN,  CF^^NF  and  CF^N-CF^)  over  KF  gauge  the  reactivity  of  their  respec¬ 
tive  anions  as  follows  (  CF^NF  >  (CF2)2N  »  CF2=N  ).  The  new  com¬ 

pounds,  CF2M(F)CN,  CFjNCF) -CF=iV-CF2  and  CF^.'^CF^CF^ ,  were  products  of  the 
compet it ive  react ions : 

CF,N=CF  >  F-CaN  (CFJ_N-CaN  ♦  (CF,),N^ 

3  2  3  2  3  2  ^c=N-CF, 

I  s 
F 

CF,  =  NF  >  F-CaN  — CF_N-CaN  *  (CF_)-N-CaN 

2  3  p  3  2 

CF^sNF  *  CF3N=CF2  ■— -»  ^''3p^C=N-CF  ♦  CF -N - N-CF 


iii 


The  reaction  of  CF2=NC1  with  KF  or  CsF  and  Br^  produces  a  mixture 
of  the  three  N,N-dihaloamines ,  CF^NXX'  (X,X'  =  Cl,  Br) .  CF^NBr^  and 
CF^NBrCl  are  extremely  photosensitive,  producing  CF2N=NCF2  and  Br^  or 
BrCl,  respectively. 

The  use  of  trimethylsilyl  cyanide  as  a  silylating  agent  for 
fluorinated  N-bromo  compounds  has  been  explored.  TMS-CN  reacts  with 
CF^NBrF  to  produce  CF^NFCTMS)  and  BrCN.  TMS-CN  and  CF2=NBr  react  to 
produce  an  unstable  N-silyl-imine  which  can  be  characterized  by  its  IR 
spectrum  in  the  gas  phase  but  decomposes  in  condensed  phases  to  cyanuric 
fluoride  and  TMS-F. 

The  addition  of  HF  to  CF2=NC1  and  CF2=NBr  produces  two  unstable  N- 
halo-trifluoromethylamines ,  CF^NHCI  and  CF^-NHBr,  which  disproportionate 
to  the  N,N-dihaloamines ,  CF^NCl^  and  CF^NBr^,  respectively,  and  CF^.NH^. 
These  reactions  contrast  the  analogous  stable  amine,  CF^NHF. 

The  reaction  of  the  CF^.NCl^  with  triphenylphosphine  in  diglyme  sol¬ 
ution  produces  an  unstable  P-N  species,  CFyN=PPh2,  which  has  been  followed 
by  low  temperature  ‘*F  and  *‘P  NMR  spectroscopy.  The  relationship  of  this 
nitrogen  system  to  the  related  carbon  ylid  system  was  investigated. 
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jV-Bromodifluoromethanimine,  CFs“NBr,  can  be  photoiyzed  in  the  presence  of  fluoroolefins  CF2=K3FX  to 
yield  terminal  imines  CFj—NCFjCFXBr  (X  “  F,  Br)  in  high  yields.  These  terminal  imines  can  be  isomerized 
readily  by  treatment  with  KF  or  CsF  to  the  correspondi^  internal  isomers,  CFjN“CF(CFXBr).  Photolysis 
of  CFj“NBr  at  25  ®C  in  the  presence  of  carbon  monoxide  yields  bromodifluoromethyl  isocyanate,  BrCFjN=C=0. 
Pyrolysis  of  CFj»NBr  at  5M  “C  yields  l,l,4,4-tetrafluoro-2,3-diazabuta- 1,3-diene,  CFj—NN—CFa,  in  excellent 
yield.  Reaction  of  CFj^NBr  with  CFj— NF  over  KF  produces  a  linear  adduct,  CF3N(F)CF“NBr,  which  can 

be  cyclized  to  the  isomeric  Af-bromodiaziridine,  CF3NCF}NBr,  by  treatment  with  CsF.  Seven  new  compounds 
are  reported  with  characterization  by  IR,  NMR,  mass  spectra,  and  physical  properties.  Alternative  and  improved 
syntheses  of  three  compounds  are  also  reported. 


The  perfluorinated  TV-haloimines,  CFj^NX  (X  *=  F,  Cl, 
Br),  provide  interesting  models  for  structural  studies  and 
an  opportunity  to  explore  the  chemistry  of  the  imine 
double  bond  and  the  N-X  bond  in  an  analogous  series. 
These  small  molecules  contain  two  potential  reactive  sites. 
Depending  on  the  nature  of  the  halogen,  the  N-halo  bond 
can  be  the  reactive  link  for  free-radical  reactions,  which 
preserve  the  difluoromethylenimine  functionality.  On  the 
other  hand,  preferential  reaction  of  nucleophiles,  especially 
fluoride  ion,  at  the  difluoromethylene  group  generates  an 
N-halo  anion,  CF3NX',  which  displays  a  varied  reactivity 
depending  on  the  halogen. 

The  versatile  behavior  of  CF2*“NX  (X  *  F,  Cl)  in  the 
presence  of  alkali  metal  fluorides^*^  and  the  thermolysis 
of  the  N-Cl  bond  in  the  olefin  addition  chemistry  CFj" 
NCI*  have  been  described.  CFjf^NX  (X  *  F,  Cl)  have  also 
been  the  subject  of  several  structural  studies.***  For  some 
time  a  method  for  the  synthesis  of  CFj^-NBr  remained 
elusive  because  methods  similar  to  CFj—NF  and  CF2=-' 
NCI  syntheses  failed  to  produce  this  analogue.  Finally, 
an  unexpected  source  of  FCN*  provided  an  opportunity 
to  attempt  the  preparation  of  CFj^NBr  by  reaction  of 
FCN  with  Brj  in  the  presence  of  alkali  metal  fluorides. 
This  successful  reaction  has  been  refined  by  utilizing  a 
more  practical,  large-scale  source  of  FCN  to  provide  useful 
quantities  of  CFj^NBr.  Studies  on  the  reaction  chemistry 
of  CF^NBr  have  been  carried  out  and  provide  interesting 
comparisons  with  known  chemistry  of  CFj’^NF  and 
CFj— NCI. 

Experimental  Section 

General  Methods.  All  volatile  materials  were  handled  in  eitfaer 
a  stainleas-eteel  (type  304  or  316)  or  vacuum  eystem  equipped 
with  atainleaa-ateel  or  Tefion-glaaa  valves,  respectively.  Preasuree 
were  measured  with  a  Wallace  and  Tietnan  Soies  1500  differential 
pressure  gauge.  Amounts  of  reactants  and  products  were  mea¬ 
sured  by  P'^  measurements,  imsutiriing  ideal  gas  behavior. 
Temperatures  were  measured  by  a  digital  readout  iran-constantan 
thermocouple. 
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Infrared  spectra  were  recorded  on  a  Perkin-Elmer  Model  1430 
spectrometer  with  a  Model  7500  data  station,  using  a  10-cm  glass 
cell  fitted  with  KCl  windows.  '•F  NMR  spectra  were  recorded 
on  either  a  JEOL  FX-90Q  or  an  IBM  NR200AF  vritb  CFCI3  as 
the  reference  and  CDCI3,  acetone-dg  or  benzene-d«  as  the  lock 
solvent  Mass  spectta  were  recorded  on  a  Hewlett-Packard  5985-B 
spectrometer  at  70  eV  for  both  El  and  Cl  (CHt).  Samples  were 
introduced  by  direct  gas  injection. 

Reagents.  FCN  was  prepared  by  a  modification  of  the  lit¬ 
erature  technique.*'  Cyanuric  fluoride  (made  from  cyanuric 
chloride  by  the  method  of  TuUock  and  Cofrman*^)  was  stored  in 
a  Pyrex  vessel  fitted  with  two  Tefion-tdass  valves  and  containing 
1  g  of  NaF  at  0  ®C.  A  stream  of  nitrogen  was  passed  through  a 
flow  system  consisting  in  sequence  of  a  CaSOg  drying  column, 
a  TnAMi  flowmeter,  the  trimer  vessel,  a  3  ft  x  */,  in.  o.d.  platinum 
tube  heated  in  an  electric  furnace  to  IKK)  ®C,  and  a  Pyrex  trap 
cooled  to  -196  ®C  in  a  hood.  The  flow  rate  was  maintained  at 
20(>-5<X)  seem  (standard  cubic  centimeters  per  minute)  for  1-2 
h,  and  in  a  typical  run  2-5  g  of  (FCN)3  was  consumed.  The 
products  were  separated  by  fractionation  through  a  series  of  cold 
traps  under  dynamic  vacuum.  A  -110  ®C  trap  retained  unxeacted 
cyanuric  fluoride  and  cyanogen.  A  -125  ®C  trap  retained  FCN, 
and  a  -196  *C  trap  collected  CF3CN  and  CF3N— CFj.  Repeated 
distillation  was  necessary  to  obtain  pure  FCN.  Yields  of  FCN 
were  typically  20%  while  CF3CN  an(i  (CN)j  comprised  20-30% 
of  the  products.  The  balance  was  unreact^  cyanuric  fluoride 
and  «m«ll  amounts  of  other  unidentified  products. 

NOTE:  Cyanogen  fluoride  has  been  shown  to  polymerize 
explosively  and  must  be  handled  vritb  extreme  caution.  We  have 
not  experienced  any  explosive  behavior  while  handling  3-30-mmol 
samples  in  glass  vacuum  systems  at  FCN  pressures  of  less  than 
1  atm. 

CF2~NF**  was  prepared  by  a  literature  method.  KF  and  CsF 
were  activated  by  fusion  in  a  platinum  crucible  and  grinding  in 
B  ball  mill  under  very  anhydrous  couditions.  Other  reagents  were 
used  as  received  or  were  purified  by  standard  procedures.  As 
necessary,  product  samples  were  further  purified  by  GLC  using 
a  Ib-ft  column  packed  with  15-30%  Halocarbon  oil  on  Chro- 
mosorb  P. 

CFjo-NBr  was  prepared  by  a  modification  of  the  procedure 
described  earlier.**  In  a  typical  preparation,  KF  (2.0  g,  34  mmol) 
was  placed  in  a  100-mL  two-piece  Pyrex  reactor  joined  by  an 
Ace-Thred  connector  with  a  Viton  0-ring  and  fitted  with  a 
Teflon-glass  valve.  After  the  vessel  was  evacuated,  FCN  and  Br; 
(10.0  mmol  each)  were  introduced  at  -196  ®C  by  vacuum  transfer. 
The  flask  was  warmed  to  22  ®C  under  a  stream  of  tap  water, 
shaken  for  3  min,  and  cooled  to  -196  ®C.  After  removd  of  any 
noncondensible  gases,  the  volatiles  were  quickly  transferred  from 
the  flask  to  the  vacuum  line  for  trap-to-trap  distillation  at  tem¬ 
peratures  of  -70,  -120,  and  -196  ®C.  CFj**NBr  and  some  Brj 
collected  at  -120  ’C.  T^e  -196  ®C  trap  retained  unreacted  FCN 
(~2  mmol,  20%),  which  was  recycled.  The  -70  ®C  trap  retained 
CF gNBrj  (1.5  mmol,  15% )  and  Br2.  Pure  CF2“NBr  was  obtained 
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by  treatment  with  exceaa  ethylene  to  remove  traces  of  Brj.  The 
mixture  of  CFj^NBr,  C}H4Br2,  and  C2H«  was  separated  by 
trap-to>trap  distillation  at  temperatures  of  -55,  -120,  and  -196 
•C.  Pure  CFj^NBr  (6.0  mmol,  60%  yield)  collected  at  -120  *C. 

Derivatives.  CFj^NN—CFj.  <3F2“NBr  (3.7  mmol)  was 
condensed  into  a  10>mL  Pyrex  tube  fitted  with  a  Teflon-glass 
valve.  The  vessel  was  then  connected  to  a  1  in.  o.d.  x  3  ft  Pyrex 
tube  filled  with  short  glass  tubing  sections  (5  mm  o.d.)  which  was 
connected  to  vacuum  through  a  trap  cooled  to  -196  *C.  The 
packed  section  was  heated  to  550  ”C,  and  the  CFj~«NBr  was 
slowly  introduced  into  the  system  at  static  vacuum.  After  5  min, 
a  mixture  of  bromine  and  CFj^N-NW^F:  was  observed  in  the 
-196  *C  trap.  The  system  was  then  reevacuated  to  remove  a  small 
amount  of  Nj.  The  contents  of  the  -196  *C  trap  were  treated 
with  excess  ethylene  at  22  *C  to  remove  the  bromine  and  frac¬ 
tionated  through  a  series  of  cold  traps  at  -SO,  -120,  and  -196  "C. 
Pure  CF2^NN>ii<<]F2  (L78  mmol,  95%  yield)  collected  in  the  -120 
*C  trap.  Spectral  data  were  in  agreement  with  the  literature.*^ 

BrCFjNCO.  CFj^NBr  (1.0  mmol)  and  CO  (6.0  mmol)  were 
added  to  a  l(X)-mL  Pyrex  reactor  equipped  with  a  Teflon-glass 
valve  and  cooled  to  -196  *C.  The  reactor  was  allowed  to  warm 
to  22  *C,  and  the  mixture  was  irradiated  with  a  2S0-W  medium- 
pressure  Hg  lamp  for  12  h.  Exceaa  CO  was  removed  by  pumping 
on  the  flask  at  -196  *C.  Some  involatile  materisd  was  not  further 
characterized.  The  volatile  product  was  chromatographed  on  a 
15%  Halocarbon  oil  on  Chromosorb  P  column.  The  pure  iso¬ 
cyanate  was  isolated  in  55%  yield:  IR  (10  torr)  3717  (w),  3253 
(w),  2394  (w).  2281  (vs,  N— C— O),  1454  (s,  N— 0-0),  1155  (vs), 
1119  (va),  975  (vs),  830  (m),  666  (w),  604  (w)  cm'*;  MS  (Cl),  m/r 
174/172  (MH*),  164/152  (M  -  F)*,  146/144  (MH*  -  CO),  131/129 
(M  -  NCO)*,  109/107  (M  -  CF,N)*,  92  (M  -  Br)*;  MS  (El),  m/z 
154/152  (M  -  ?)♦.  131/129  (M  -  NCO)*,  109/107  (M  -  CFjN)*, 
92  (M  -  Br)-^,  81/79  (Br*),  69  (CF,*);  »»F  NMR  6  -46.1 
(s). 

CF^NCF^CFjBr.  Photolyaia.  into  a  100-mL  Pyrex  reactor 
fitted  with  a  Teflon-glass  valve  were  added  CF^NBr  (1.0  mmol) 
and  CjF « (4.0  mmol).  The  mixture  was  irradiated  with  a  2S0-W 
medium-pressure  Hg  lamp  for  1  h.  The  product  mixture  was 
separated  by  trap-to-trap  distillation  using  -85,  -120,  and  -196 
*C  tiapa.  Pure  CFj^NCFiCFjBr  (0.8  mmol,  82%  yield)  collected 
in  the -85  *C  trap.  Some  invoktiles  were  left  in  the  reaction  veaaeL 
which  were  not  identified  further. 

Thermolysis,  With  the  same  reactor  as  above,  the  two 
reactants  (1.0  mmol  of  CF^NBr,  4.0  mmol  of  were  heated 
in  a  water  bath  at  95  *C  for  8  h.  The  yield  of  CFj^NCFjCFjBr 
was  67%.  The  remainder  of  the  starting  material  was  consumed 
in  involatile  aide  product  formation.  IR  (8  torr)  1799  (0~N,  va), 
1317  (vs),  1288  (s),  1243  (vs),  1179  (vs),  1110  (s),  984  (s),  905  (s), 
879  (s),  8()7  (m),  776  (m)  cm'*;  MS  (Cl,  rngior),  m/z  2461214  (MH*. 
100),  226/224  (M  -  F)*.  181/179  (M  -  CF,N)*,  164  (M  -  Br)*, 
131/129  (CF^r)*,  114  (CT^F,N)*;  MS  (El),  m/z  245/243  (M)*, 
226/224  (M  -  F)*,  181/179  (M  -  CF^)*,  176/174  (M  -  CF,)*, 
164  (M  -  Br)*,  146  (M  -  BrF)*,  131/129  (CF^r)*,  114  (CF^^, 
100),  100  (CFrfT^*,  96  (CFjNCF)*,  81/79  (Br)-,  69  (CFJ-;  ‘*F 
NMR  (CV),)  (F^F«C— NCF,''CF,*‘Br)  i  -27.7  (br  d.  A),  -43.4 
(br  d,  B),  -69.2  (m,  N),  -93.3  (m,  M),  Jab  •  88  Hz,  Jjj,  a 
OB  2  Hz,  Jam  •  Jem  **  D  ^ 

CFj^NCF^CFBr^  CF^l^r  (2.0  mmol)  and  CFj“-OFBr  (6.0 
mmol)  were  added  to  a  100-mL  Pyrex  reactor  and  irradiated  with 
a  medium-pressure  Hg  lamp  for  3  h.  The  volatilee  were  separated 
through  traps  at  -70,  -120,  and  -196  'C.  Pure  CFj—NCFjCFBrj 
(1.3  mmol,  66%  yield)  was  isolated  in  the  -70  *C  trap.  Some 
involatile  materU  remained  in  the  reactor.  IR  (10  tort)  1798 
(O-N,  vs),  1314  (vs),  1249  (vs),  1206  (vs),  1154  (vs),  1098  (vs). 
1060  (m),  991  (m),  971  (m),  871  (s),  826  (vs).  771  (e),  728  (m),  605 
(w)  cm'*:  MS  (Cl.  nmjor),  m/z  308/306/304  (MH-),  307/305/303 
(M-),  288/286/284  (M  -  F)-,  266/264/262,  243/241/239  (M  - 
CFjN)-.  226/244  (M  -  Br)*,  204/202  (M  -  BrF)*,  193/191/189 
(CFBr^*;  MS  (El),  m/z  243/241/239  (M  -  CF,N)*,  226/224  (M 
-  Br)*,  204/202  (M  -  BrF)*,  193/191/189  (CFBr,)*-  '•F  NMR 
(C,D,)  (P^I!«C— NCF,"CF**Br,)  i  -28.2  (br  d.  A).  -44.1  (br  d,  B), 
-73.2  (m,  M).  -89.4  (m,  N),  -  88  Hz,  ./an  -  Jbn  *  11  Hz, 

*  14  Hz,  Jazz  ■  ^  Hz. 


(14)  MHsch,  R.  A.  J.  Heterocycl.  Chem.  1944,  1 ,  59. 


CF3N“-CFCF2Br  and  CF3N^®CFCFBr2.  Exposure  of  C- 
Fj—NCFjCFjBr  and  CF2=“NCF2CFBr2  to  KF  for  1  h  or  CsF  for 
15  min  converted  the  terminal  (mines  to  the  internal  isomers. 
CF3N“«CFCF2Br  and  CF3N“CFCFBr2,  respectively,  in  essen¬ 
tially  quantitative  yields. 

CFsN^CFCFjBr:  bp  54.2  “C;  mp  <-125  ®C;  log  P  (torr)  = 
7.1565  -  (1399.8/71,  =  6.40  kcal/mol,  =  19.6  cu;  IR 

(8  torr)  1771  (vs,  O-N),  1316  (s),  1254  (vs),  1209  (vs),  1133  (m). 
1105  (s),  1020  (w).  962  (s),  819  (s),  774  (m).  655  (m),  624  (m)  cm'*; 
MS  (Cl,  major),  m/z  246/244  (MH*),  245/243  (M*).  226/224  (M 

-  F)*,  181/179  (CjF^Br)*,  164  (M  -  Br)*,  131/129  (CFjBr)*,  114 
(C,F4N)*;  MS  (El),  m/z  245/243  (M)*,  226/224  (M  -  F)*,  181/179 
(CFsF4Br)*,  174  (M  -  CFj)*,  164  (M  -  Br)*,  145  (M  -  BrF)*, 
131/129  (CFjBr)*,  119  (CjFg)*,  114  (CJF4N)*,  100  (C2F4)*,  95 
(CF3NC)*,  69  (CF,)*;  *»F  NMR  (CJ)g)  (CRj^N— CF-'CFj^^Br, 
AM3X2  spin  system)  S  -32.1  (br  d.  A),  -57.2  (d,  M),  -61.6  (m,  X). 
Jam  10.2  Hz,  Jax  —  7.6  Hz,  Jmx  —  I.O 

CF3N— CFCFBr2:  IR  (9  torr)  1759  (vs,  0=N),  1282  (vs),  1255 
(vs),  1201  (vs).  1128  (s),  909  (w),  839  (w),  812  (m),  794  (s),  778 
(m),  750  (w),  680  (m),  618  (m)  cm'*;  MS  (Cl,  major),  m/z  308/ 
306/304  (MH)*,  307/305/303  (M)*,  288/286/284  (M  -  F)*, 
243/241/239  (M  -  CFjN)*,  227/225  (MH  -  Br)*,  226/224  (M  - 
Br)*,  207/205  (M  -  BrF)*,  193/191/189  (CFBtj)*,  176/174  (M 

-  CFjBr)*,  131/129  (CFjBr)*,  114  (CF3NCF)*;  MS  (El),  m/z 
243/241/239  (M  -  CFjN)*,  226/224  (M  -  Br)*,  207/205  (M  - 
BrF)*,  193/191/189  (CFBrj)*,  176/174  (M  -  CFjBr)*,  162/160 
(CjFjBr)*,  145  (M  -  2Br)*.  131/129  (CFjBr)*,  114  (CF3NC)*, 
112/110  (CFBr)*,  81/79  (Br)*,  77  (CjFjNH)*,  76  (CjFjN)*,  69 
(CFj)*;  **F  NMR  (CgD*)  (CFj^N— CF'^CF^Bij,  AM3N  spin 
system)  S  -30.2  (dq.  A),  -56.6  (d,  M),  -68.6  (d,  N).  Jam  =  13  Hz, 
Jan  *  34  Hz,  Jmm  ^  3  Hz. 

CFjN(F)CF“ NBt.  KF  (1.0  g,  17  mmol)  was  added  to  a 
two-piece  100-mL  Pyrex  reactor  with  an  Ace-Thred  connector 
with  Viton  0-ring  and  a  Teflon-glass  valve.  The  reactor  was 
evacuated  and  cooled  to  -196  ®C.  CFj— *NF  (1.0  mmol)  and 
CFj— 'NBr  (2.5  mmol)  were  added  to  the  reactor,  allowed  to  warm 
to  22  ®C,  and  stirred  for  5  L  Vacuum  fractionation  of  the  volatiles 
gave  a  mixture  of  CF3N(F)CP“NBr  and  CFj>— NBr  in  the  -80 
*C  trap  and  CFj«— NBr  in  the  -196  *C  trap.  The  mixture  was 
purified  by  repeated  dynamic  distillation  through  a  -105  ®C  trap 
to  remove  the  more  volatile  CFj»NBr.  CFsNfFlCF*— NBr  (0.5 
mmol)  was  isolated  in  50%  yield  based  on  starting  CFj— NF.  (The 
dimer  of  CFj*— NF,  CF3N(F)CF— NF,  and  CFjNBrF  were  not 
identified  as  side  products,  although  these  compounds  comprise 
likely  sources  of  yield  losses.)  IR  (8  torr)  1688  (O— N,  vs),  1295 
(vs),  1245  (vs),  1213  (vs),  1167  (vs),  994  (m),  815  (w),  711  (m)  cm'*; 
MS  (CL  major),  m/z  229/227  (MH*),  228/226  (M*).  210/208  (MH 

-  F)*,  209/207  (M  -  F)*,  148  (MH  -  Br)*,  127/125  (CF>3r)*; 
MS  (El,  major),  m/z  228/226  (M)*,  147  (M  -  Br)*,  126/124 
(CFNBr)*,  81/79  (Br*),  69  (CF3)*;  *»F  NMR  (CgD*)  (CFa^'N- 
(FA)CF**— NBr,  AMN3  spin  system)  4  -26.6  (dq.  A),  -60.8  (dq, 
M),  -70.1  (dd.  N),  Jam  *  38.3  Hz,  Jmn  “  15.6  Hz.  =  8.4  Hz. 

CFjNCFjNBr.  CFfN(F)CF^NBr  (0.5  nunol)  was  condensed 
into  a  100-mL  Pyrex  reactor  previously  charged  with  0.9  g  (6 
mmol)  of  CsF.  After  stirring  for  20  min  at  22  °C,  the  volatiles 
were  fiactimated  through  a  -70  ®C  trap  to  remove  a  small  amount 

of  CFjNBrj.  The  -196  ‘C  trap  contained  0.46  mmol  of  CF3N- 

CFjNBr  (92%  yield  based  on  starting  CFjNlFlCF—NBr):  IR 
(10  torr)  1414  (s),  1382  (m),  1294  (vs).  1229  (vs),  1049  (m).  940 
(m),  829  (w),  677  (m),  658  (s)  cm'*;  MS  (Cl,  major),  m/z  229/227 
(MH)*,  228/226  (M)*,  215,  213,  209/207  (M  -  F)*,  149  (M  +  2H 

-  Br)*,  148  (MH  -  Br**,  147  (M  -  Br)*.  134  (MH  -  NBr)*,  131/129 
(CFjBr)*,  128  (CjFgN,)*.  114  (CjF^N)*;  MS  (El),  m/z  147  (M  - 
Br)*.  131/129  (CFjBr)*,  128  (CjF.Nj)*,  114  (CjF^N)*,  109 
(CFjNjC)*,  95/93  (NBr)*,  81/79  (Br)*,  69  fCF,)*,  50  (CFj)*;  *»F 

NMR  (CgDg)  (CF3*NCF**F**N-Br,  AjMN  spin  system)  4  -64.0 
(dd.  A),  -100.5  ■: br  d,  M),  -112.9  (dq,  N).  Jmn  =  32.2  Hz.  Jam  = 
11.2  Hz,  Jam  3.4  Hz. 


Results  and  Discussion 

The  pyrolysis  of  cyanuric  fluoride  in  Pt  at  1100  “C 
provides  a  simple  means  of  obtaining  useful  quantities  of 
FCN.  The  much  more  elaborate  apparatus  employed  by 
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Scheme  1 


Scheme  II 


Overall  reaction  steoa 


R,CF=NBr  R,CF=N 

^N=CFB, 

R,  “  CF3.  CjFj.  n-CsFj 
RlCF=NBr  RtCF=N*  +  Br* 

,  FC*N  -►  R,* 

R,CF=N  — 

'• —  r,cf=n^ 

^n=cfr, 


Fawcett  and  Lipscomb  gave  higher  yields  at  an  optimum 
temperature  of  ~  1300  ®C.“  However,  their  work  implies 
that  temperattires  in  excess  of  1200  **€  are  needed  for  good 
jnelds,  thus  requiring  an  expensive  resistively  heated 
furnace  or  induction  heating.  In  our  work,  the  1100  “C 
temperature  is  easily  obtainable  with  inexpensive  com- 
mer^  tube  furnaces  and  the  lower  temperature  raises  the 
possibility  of  using  a  much  less  expensive  material  than 
Pt  for  the  pyrolysis  tube. 

The  preparation  of  CFj—NBr  in  small-batch  reactions 
was  greatly  improved  over  that  previously  reported'^  by 
using  short  reaction  times  and  stoichiometric  amounts  of 
Brj.  Even  then,  it  is  impossible  to  suppress  the  further 
oxidation  of  CFj^NBr  to  CF3NBr2,  which  clearly  occurs 
at  a  rate  comparable  to  that  of  forming  CF2=NBr; 

FCN  CFj-NBr  ^  CFjNBrj 

The  maximum  yields  of  CFj^NBr  under  conditions  de¬ 
scribed  in  the  ^perimental  Section  are  ~75%  with  an 
~80%  conversion  of  FCN  to  products. 

In  exploring  the  chemistry  of  CFj^NBr,  our  interest 
was  to  compare  the  reactivity  of  the  analogous  series  of 
CFj^NX  and  to  compare  CF2»“NBr  with  other  N- 
bromoimines  of  the  type  RfCF>»l^r.  The  thermolysis  or 
photolysis  of  CF^—NF  or  CFj*NQ  is  not  a  practical  route 
to  the  azine  because  of  the  harsh  conditions  necessary  to 
cleave  the  N-F  or  N-Cl  bond.  Thermolysis  of  R<CF»NBr 
gave  decomposition  rather  than  the  azines,  while  photolysis 
readily  produced  the  respective  azines  as  shown  in  Scheme 
I.*  Pyrolysis  of  CFj—NBr  readily  produced  the  azine 
CF2"NN>™CF2  in  a  unique  reaction  for  the  perfluoro 
N-hak>iomines.  This  azine  was  first  prepared  by  photolysis 
of  difluorodiazirine  and  later  by  the  AgF  fluorination  of 
the  tetrabromo  analogue  Br2C*NN“CBr2.‘^’“  Both 
prior  methods  are  difficult  to  execute,  and  the  two-step 
conversion  from  FCN  to  CF2“NN— CF2  is  clearly  supe¬ 
rior. 


F,cQ|  -2:^  F2C=:N 

^  ^Ns=CF2 


BrjCssN^ 


'W=C8rj 


F2C=N. 


'N=CF2 


2F,C=NBr  F2C=N^ 


N=CF2 


The  synthesis  of  BrCF2NCO  by  the  addition  of  CO  to 
CF2^NBr  is  analogous  to  the  thermal  reaction  of  CO  with 
other  perfluoroalkyl  N-bromoimines,  which  produced  a 
series  of  or-bromo  isocyanates.  **  Scheme  II  Olustrates  the 
sct^  of  the  previous  reaction  and  includes  the  CF2^NBr 


Overall  reaction  steps 
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'C=N*  +  Br* 
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Scheme  III 


propagation 


CF2=NB-  - -  CF2=N*  +  Br* 

Of  a 

CF2=N*  +  CF2=CX2  —  CF2=NCF2CX** 
CF2=»ICF*CX2*  CF2=NCF2CX2Br 


Scheme  IV 


CF2=NX  CF2=N*  +  X* 

CFjSFSN*  +  CjF4  —  CF2=NCF2CFs* 
CF2SSNCF2CF2* 


^ooo0olion  tormifrotiofr 


CF2=NICF2CF2)4X  CF2=NCF2CF2X  +  CF2=N* 

example  from  this  worL  A  proposed  free-radical  mecha¬ 
nism  is  also  described. 

Perfluoro  imino  radicals,  RfCF=>N*,  react  with  carbon 
monoxide  differently  than  the  saturated,  bisCtrifluoro- 
methyDaminyl,  (CFslgN*,  which  was  generated  from 
(CF3)2NBr.” 

(CFj)2NBr  +  CO  (CF3)2NC(0)Br 

CFj— NBr  +  CO BrCF2N— C=-0 

The  addition  of  CF2“NBr  to  fiuorolefins  of  the  type 
CF2~^7FX  (X  s  F,  Br)  occurs  regioepedficaliy  and  is  also 
best  explained  by  a  free-radical  chain  mechanism  (see 
Scheme  EH).  The  best  conditions  for  the  additions  consist 
of  photolysis  of  a  Pyrex  vessel  for  1-4  h  or  heating  at 
95-125  ’C  for  0.5-2  days.  The  regiospecificity  of  these 
additions  are  reminiscent  of  the  earlier  CF2~‘NC1  addi¬ 
tions.^  SF^NX  (X  ■  Cl,  Br)  exhibit  similar  additions 
to  olefins.’*  For  example,  SF2~NBr  adds  to  C2F4  to  give 
both  a  monoadduct,  SF2~NCF2CF2Br  (95%),  and  an  ol¬ 
igomeric  product,  SF2**N(CF2)4Br.’* 

In  comparing  the  olefin  addition  chemistry  of  the  series 
of  N-haloimines,  CF2NX  (X  *  F,  Cl,  Br),  a  systematic 


(15)  Mitmh.  R.  A.;  Ogdoi.  P.  H.  J.  Org.  Ch*m.  ISM.  31.  3833. 
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shifts  (ppm. 
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Jay  “  9-5 
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JiaS2 
«/|ify  *  9.6 
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trend  in  radical  chain  mechanism  which  varies  with  the 
bond  strength  of  the  initiator  (in  this  case,  the  homolyzed 
N-X  bond)  is  observed  in  the  distribution  of  monoadduct 
and  pmlymeric  products.  In  order  to  propagate  an  olefin 
polymerization  reaction,  the  initiator  bond  must  be  rea¬ 
sonably  strong.^'  Likewise,  a  weak  bond  in  the  initiator 
will  favor  chain  transfer  after  only  one  unit  of  olefin  has 
been  added.  As  shown  in  Scheme  IV,  the  fate  of  the 
monoadduct  radical  is  determined  by  the  strength  of  the 
initiator  bond  in  CFj—NX. 

For  a  strong  N-X  blond  (Le.,  CFj*“NF),  thermal  reaction 
with  C2F4  gives  polymerization  of  the  olefin  with  little 
consumption  of  CFt^NF."  In  the  case  of  the  thermal 
reaction  of  CFj— NCI  with  C3F4,  isolation  of  a  moderate 
yield  of  the  monoadduct,  CFj^NCFjCFjCl,  with  some 
additional  polymeric  material  and  unreacted  CFj^^NCl 
confirms  the  lower  bond  strength  of  the  N-Cl  compound. 
In  this  work,  homolysis  of  the  N-Br  bond  was  achieved 
either  by  mild  thermal  means  or  brief  photolysis  because 
of  a  much  weaker  N-X  bond.  The  major  products  for 
reactions  of  CFj^NBr  with  olefins  were  monoadducts; 
little  polymeric  material  was  observed  and  no  unreacted 
CF2™NBr  was  recovered.  Thus,  the  strength  of  the  N-X 
bonds  in  these  N-haloimines  correspond  nicely  with  their 
respective  behavior  in  the  addition  to  fluoroolefins.  The 
obMrved  regioselectivity  supports  the  participation  of  a 
free-radical  chain  mechanism. 

The  isomerization  of  fluorinated  terminal  imines  by  KF 
or  CsF  has  been  well  studied.^^-^  Quantitative  yields  of 
rearranged  imines  were  obtained  for  the  aforementioned 
adducts,  CFj^NCF2CFBrX  (X  «  F,  Br).  This  fluoride- 
promoted  isomerization  or  1,3-fluoride  shift  is  not  easily 
reversed  because  of  the  thermodynamic  stability  of  the 
internal  imine. 


CSjrssNCFjR,  ~  CF3 — N — CFjS,  —  CFjNsscCf 

The  reaction  of  CF2— NF  with  CF2— NBr  over  active 
alkali  metal  fluorides  is  related  mechanistically  to  the 
known  dimerization  of  CFj^NF  over  KF  and  CsF.*  The 
proposed  mechanism  for  the  formation  of  the  CFi—NF 
dimers  involves  nucleophilic  attack  of  the  CFjNF^  anion 
on  the  terminal  difluoromethylene  group  of  CFj^NF  with 
elimination  of  fluoride.  Attack  on  the  imino  carbon  of  this 
linear  dimer  by  a  strong  fluoride  base  (i.e.,  CsF)  generates 


(19)  Chamben,  R.  D.  Fluorine  in  Organic  Chemistry;  Wiley;  New 
York,  1973;  p  173. 

(20)  Chang,  S.  C..  Ph.D.  Dueertation,  Kanias  State  University,  1982. 

(21)  See  ref  19,  p  104. 

(27)  Swag,  Y.  Y.;  DesMarteau.  D.  D..  to  be  published. 
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a  new  nitrogen  anion  which  intramolecularly  displaces 
fluoride  from  the  N-F  center  (Scheme  V). 

The  reaction  of  CF2=NF  with  CF2=NC1  over  CsF 
produced  an  N-chlorodiaziridine*  and  the  availability  of 
CF2=NBr  made  the  N-bromodiaziridine  a  logical  target. 
The  first  attempt  to  combine  CF2“NF  and  CF2=NBr 
over  CsF  produced  only  CFsNBrF,  presumably  because 
of  the  decomposition  of  CF2=NBr  or  its  anion,  CFsNBr', 
in  the  presence  of  CsF  and  the  strongly  nucleophilic 
Cs^CFjNF^. 

The  use  of  KF  as  catalyst  allowed  the  isolation  of  the 
linear  cixlimer  CF3N(F)CF=NBr.  The  brief  exposure  of 
this  N-bromoimine  to  CsF  effected  the  desired  cyclization 
to  the  N-bromodiaziridine.  Scheme  VI  depicts  the  pro¬ 
posed  mechanism  for  the  general  two-step  conversion  of 
N-substituted  imines  to  N-substituted  (trifluoromethyl)- 
diaziridines.  (The  synthesis  of  the  bis(trifluoromethyl)- 
diaziridine  will  be  reported  separately.**)  Like  the  other 
N-halodiaziridines,  the  N-bromodiaziridine  is  observed 
only  when  CsF  is  used  as  the  catalyst  for  the  cyclization. 

Although  CF2=NBr  is  only  slightly  sensitive  to  ultra¬ 
violet  light,  the  new  diaziridine  contains  a  very  reactive 
N-Br  linkage.  Exposure  to  Pyrex-filtered  sunlight  de¬ 
composed  the  diaziridine  according  to  the  equation  shown 
below. 


CFj  +  VjNj 

'^N - N  ~  CF3N  =  CF2 

Br  *  ^2  0 '2 

CF3N“wCF2  is  a  common  decomposition  sink  for  deriva 
tives  of  this  ring  system.^ 


(23)  Bauknight,  C.  W.,  Jr.;  DesMarteau.  D.  D.  J.  Am.  Chem.  Soc.,  in 
press. 
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Scheme  VI 
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A  comparison  of  the  spectral  properties  of  the  N-halo- 
diaziridines  prepared  from  CF2">'NF,  CFj^NCl,  and 
CF2~NBr  and  an  analogous  (trifluoromethyl)ozaziridine 
is  provided  in  Table  I.  The  characteristic  ring  vibration 
for  smaU  heterocyclic  rings  is  observed  between  1400  and 
1440  cm~'  for  each  diaziridine  and  at  1458  cm'^  for  the 
oxaziridine.^*^  These  frequencies  are  within  the  range 
expected  for  analogous  fluorinated  heterocycles. 

The  ‘*F  NMR  spectra  are  instructive  regarding  the 
probable  structures  of  these  rings.  The  N-fluorodiaziridine 
serves  as  a  model  from  which  the  other  structures  can  be 
reasonably  assigned.  As  discussed  in  a  previous  report,^ 
the  fluorine  on  nitrogen  provides  a  probe  into  the  relative 
position  of  the  other  fluorines  above  and  below  the  ring 
plane  in  the  N-fluorodiaziridine.  Since  two  distinct  signals 
are  observed  for  the  geminal  fluorines  on  the  ring  carbon, 
the  inversion  of  the  ring  can  be  assumed  to  be  slow  on  the 
NMR  time  scale.  Likewise,  the  geminal  fluorines  are 
nonequivalent  in  the  N-chloro*  and  Mbromodiaziridines. 

Assignment  of  the  position  of  the  trifluoromethyl  group 
in  the  N-F  ring  was  deduced  according  to  the  relative 
coupling  constants,  since  each  coupling  constant  is 


(24)  FakrdMu.  E.  R.:  DmMaixaau.  O.  D.  J.  Am.  Chtm.  Soc.  1976. 96, 
3529. 

(25)  CImvbt,  C.  S.;  Kratpan,  C.  G.  J.  Am.  Chtm.  Soc.  1965, 87,  3719. 

(26)  Mitich,  R.  A.;  Ntuvar,  E.  W.;  Ogden,  P.  H.  J.  Htterocycl.  Chtm. 
1967,  4,  389. 


measurable  and  distinct  in  this  system.  Close  proximity 
in  space  generally  renders  a  large  coupling  in  rigid  systems 
in  the  **F  NMR.^  According  to  this  tenet,  the  tri¬ 
fluoromethyl  group  and  the  ring  N-F  were  assigned  as 
trans.^  A  cis  orientation  would  show  a  large  coupling 
constant,  which  is  consistent  with  the  coupling  of  the  CF3 
group  with  the  upper  geminal  fluorine  (Jmy  =  9.5  Hz)  and 
the  N-F  with  the  lower  geminal  fluorine  ( ~  I’' -5  Hz). 

Diaziridines  generally  favor  a  trans  arrangement  of  ni¬ 
trogen  substituents  to  alleviate  repulsion  of  the  two 
neighboring  lone  pairs.^  Some  diaziridines  as  well  as 
triaziridines  have  been  synthesized  that  can  be  isolated 
either  as  a  cis  isomer  or  as  a  mixture  of  isomers.^-^  The 
NMR  evidence  favors  a  locked  trans  geometry'  for  the 
N-fluorodiaziridine  and  it  is  reasonable  to  assume  that  the 
N-chloro-  and  N-bromodiaziridines  have  similar  geometries 
in  the  absence  of  more  definitive  structure  determinations. 

In  summary,  CF^^NBr  provides  many  possibilities  for 
additions  in  dermal  and  photochemical  reactions  as  evi¬ 
denced  by  its  additions  to  fluoroolefins  and  carbon  mon¬ 
oxide  and  its  pyrolysis.  Reaction  with  CF2=NF  over  KF 
and  CsF  affirms  the  nucleophilicity  of  the  CFsNF"  anion 
on  terminal  difluoromethylene  centers  while  indicating  the 
poor  nucleophilicity  of  the  CF3NBr'  anion.  These  two 
modes  of  reactivity  i)mJc«  CF2=NBr  an  attractive  starting 
material  for  the  synthesis  of  novel  small  molecules  with 
potentially  reactive  centers. 
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A  continuous  flow  system  has  been  used  to  measure  the  microwave  spectrum  (26.5  to  40.0 
GHz)  of  rapidly  decomposing  N-bromodifluoromethanimine,  CF2=NBr.  The  hyjjerfine 
structure  of  the  spectrum  caused  by  two  nuclei  with  nuclear  quadrupole  moments  ( '^N,^^Br, 
or  "'Br)  has  been  analyzed  and  rotational,  centrifugal  distortion,  and  quadrupole  coupling 
constants  have  been  determined  by  a  global  least-squares  fit  for  both  bromine  isotopic  species. 
Identification  and  assignment  of  R  transitions  in  the  fi-type  spectrum  have  been  facilitated 
considerably  by  the  determination  of  the  magnitude  of  the  rotational  constants  from  the 
hyperfine  structure  of  the  Q  transitions  alone.  A  structure  compatible  with  the  observed 
rotational  constants  has  been  determined  for  this  planar  molecule. 


INTRODUCTION 

During  the  last  decade,  new  synthetic  methods  have 
made  the  halogenated  methanimines  more  accessible  to 
structural  studies.  The  infrared  spectrum  of  N-chlorodi- 
fluoromethanimine,  CFy=NCl,  was  reported'  in  1971  but 
the  first  structural  information  has  been  obtained  only  re¬ 
cently  from  the  analysis  of  the  microwave  spectrum.  Per- 
fluoromethanimine,  CFj=NF,  has  been  studied  by  vibra¬ 
tional  and  rotational  spectroscopy  and  the  structure  has 
been  derived  from  microwave  and  electron  diffraction 
dau.^'^  The  structure  of  perchloromethanimine, 
CCl2=NCl.  has  been  determined  from  electron  diffraction 
data  alone.**  N-bromodifluoromethanimine,  CF;=NBr, 
has  been  prepared  and  its  vibrational  spectrum  assigned.^  A 
decomposition  product  of  both  QF3=NQ  and  CFj=NBr 
has  been  identified  by  its  microwave  spectrum  as  difluoro- 
methanimine,  CF2=NH.*  A  simultaneous  but  independent 
investigation  of  its  rotational  spectrum^  followed  the  recent 
direct  synthesis  of  this  simple  imine. 

N-bromodifluoromethanimine  is  the  first  small  mole¬ 
cule  synthesized  which  contains  a  bond  between  a  bromine 
atom  and  an  imine  nitrogen  atom.  The  only  other  molecule 
with  a  Br-N=C  moiety  which  has  been  studied  by  micro- 
wave  spectroscopy  is  bromine  isocyanate,  BrN==C=0." 
Our  interest  in  the  structural  properties  of  such  a  N-bromo- 
imine  prompted  us  to  initiate  an  investigation  of  the  rota¬ 
tional  spectrum  of  CF3=NBr.  The  additional  challenges  of 
the  chemical  reactivity  of  this  compound  and  of  the  presence 
of  two  nuclei  with  nuclear  quadrupole  moments  causing  ex¬ 
tended  hyperfine  splittings  were  eventually  overcome  and 
the  results  are  presented  herein. 

EXPERIMENTAL 

N-bromodifluoromethanimine  was  synthesized  by  the 
method  described  by  O’Bnen  et  al.’’  It  was  purified  by  trap- 
to-trap  distillation  and  stored  in  glass  sample  tubes  im¬ 
mersed  into  liquid  nitrogen.  The  first  attempts  to  measure  its 


microwave  spectrum  were  unsuccessful  because  of  the  rapid 
decomposition  of  the  sample  in  the  Stark  cells.  The  primary 
decomposition  product  was  eventually  identified  as 
difluoromethanimine,  CFj=NH.'‘  In  the  unconditioned 
cells,  CF;=NBr  decayed  completely  within  1  to  2  min.  The 
half-life  of  CF;=NBr  in  the  well  conditioned  Stark  cells 
after  four  days  of  measurements  with  the  flow-through  sys¬ 
tem  was  about  10  to  IS  min. 

The  microwave  spectrum  between  26.5  and  40.0  GHz 
was  measured  on  a  Hewlett-Packard  model  8460  A  MRR 
spectrometer  with  33.3  kHz  Stark  modulation.  The  Stark 
cells  were  cooled  with  a  packing  of  Dry  Ice.  Because  of  rapid 
decomposition  of  the  sample  in  the  Stark  cells,  the  sample 
was  continuously  evaporated  into  the  cells  from  a  reservoir 
kept  at  —  80  *C  while  a  sample  tube  cooled  by  liquid  nitro¬ 
gen  served  as  the  pump  of  the  flow-through  system.  Precise 
frequencies  were  obtained  by  averaging  the  measurements  of 
scans  in  both  directions,  made  at  sample  pressures  of  2  to  5 
mTorr.  The  bandwidths  at  half-height  were  below  0.2  MHz 
for  isolated  bands.  The  precision  and  accuracy  of  the  mea¬ 
surements  were  estimated  to  be  about  0.02  MHz  for  well 
resolved  bands. 

RESULTS 

Assignment  of  the  microwave  spectrum 

For  the  initial  predictions  of  the  rotational  spectrum  of 
CF;=NBr,  a  structure  was  assumed  which  was.  except  for 
the  N-halogen  distance,  almost  identical  to  the  structure 
reponed  for  CF;=NC1.’  The  N-Br  distance  of  1.85  A  was 
transferred  from  the  structure  of  Br-NCO."  The  predicted 
spectrum  contained,  besides  the  expected  u-type  R  transi¬ 
tions,  several  series  of  6-type  Q  transitions.  The  most  intense 
of  these,  -fj  j  _  ?  —  •f-.y  - :  -  =  2 1 .  •  ■  •  30.  was  predicted  to  have 
a  bandhead  near  37.2  GHz  for  both  isotopic  species  of  bro¬ 
mine  (Fig.  1 ).  The  6-type  Q  transitions  in  the  spectrum  of 
CF,=NC1  investigated  earlier'  were  considerably  more  in¬ 
tense  than  any  of  the  R  transitions.  Because  we  assumed  that 
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FIG.  1.  CF5=''*N”Br.  Fortrat  diagram  of  the  5-type  transition  series 

}\.J  -  2  I  (Cl  )• 

•^+*1.2*1-  and  y-t-  ^aj  *  I 

Open  circles  indicate  measured  transitions. 

the  orientation  of  the  molecular  electric  dipole  moment  in 
the  principal  axes  system  was  similar  in  CF2=NC1  and 
CF2=NBr,  we  expected  a  large  number  of  strong  absorption 
lines  between  37.2  and  37.5  GHz.  Accordingly,  we  started 
the  search  for  the  spectrum  of  CF;=NBr  in  this  region. 

At  first,  we  monitored  the  intensity  of  a  line  of  the  de¬ 
composition  product  CFj=NH  until  it  had  decreased  sig¬ 
nificantly  under  the  continuous  flow  system.  Then  we 
scanned  the  spectral  region  of  interest  repeatedly  and  indeed 
found  several  lines  growing  in.  Eventually,  numerous  lines 
between  37  and  40  GHz  were  observed  whose  intensity  in¬ 
creased  with  time.  Preliminary  least-squares  fits  to  the  spec¬ 
trum  of  an  asymmetric  rotor  confirmed  that  these  lines 
could  be  assigned  to  the  Q  transition  series/j_,  _  3  —J2J  _  2  of 
two  different  molecules  or  sutes  with  about  equal  relative 
intensities.  Eventually,  the  states  were  identified  as  the  vi¬ 
brational  ground  sutes  of  both  bromine  isotopic  species  of 
CF2=NBr.  All  of  these  lines  were  split  into  several  compo¬ 
nents.  The  observed  splitting  patterns  agreed  qualiutively 
with  the  hyperfine  structure  predicted  with  estimates  of  the 
quadrupole  coupling  consunts  for  the  bromine  isotopes  ( see 
the  next  section).  Subsequently,  the  fi-type  Q  transitions 
y=19,'"25  and 

y  =  16,  -  •  •  19.  with  considerably  larger  hyperfine  splittings 
could  be  identified.  A  weaker  satellite  accompanied  each 
component  of  these  transitions  at  a  separation  of  less  than  1 


MHz.  Such  an  additional  hyperfine  splitting  due  to  the  nu¬ 
clear  quadrupole  moment  of  '“N  had  also  been  observed  for 
most  fi-type  transitions  in  the  spectrum  of  CF,=rNCl.^ 

The  assignment  of  R  transitions  was  not  as  easy  because 
they  were  considerably  weaker.  Q  transitions  usually  pro¬ 
vide  only  accurate  differences  between  rotational  constants 
but  not  absolute  magnitudes.  However,  the  detailed  analysis 
of  the  hyperfine  structure  of  the  Q  transitions  of 
CF,='^N’''Br  provided  rather  accurate  estimates  of  the 
magnitudes  of  ail  routional  constants  ( see  the  next  section ) . 
With  these  estimates,  the  frequencies  of  R  transitions  and 
then*  hyperfine  splitting  patterns  were  predicted.  Two  series 
of  fi-type  R  transitions,  J  +  1  ^  =  10,  •  13  and 

J -I-  1 1^.^ ,  —JojfJ  =  6,-  •  •  1 1,  could  be  assigned  quickly  for 
this  isotope.  The  largest  deviation  from  the  predicted  posi¬ 
tion  was  about  39  MHz  for  J=  13.  No  c-type  R  transitions 
could  be  observei’  presumably  due  to  insufficient  intensity. 

The  assignment  of  the  spectrum  of  the  second  isotopic 
species,  CF2='^N*'Br,  was  straightforward.  The  A  rota¬ 
tional  constant  was  transferred  from  the  final  analysis  of  th 
spectrum  of  CF;='^N’’Br,  because  both  Cl  isotopic  species 
of  CF2=‘^NC1  had  almost  identical  A  constants.’  Initial 
quadrupole  coupling  constants  for  "‘Br  were  obtained  by 
multiplying  the  corresponding  constants  determined  for 
CF2='*N’’Br  with  the  ratio  of  the  nuclear  quadrupole  mo¬ 
ments.  Measured  and  assigned  transitions  and  their  hyper¬ 
fine  components  of  both  isotopic  species  are  listed  in  the 
supplementary  material  deposited  in  the  AIP  Physics  Auxil¬ 
iary  Publication  Service.*' 

Analysis  of  hyperfine  structure 

The  spectrum  and  its  hyperfine  structure  was  analyzed 
with  the  computer  program  described  previously’  which  de¬ 
termines  simultaneously  rotational  and  centrifugal  distor¬ 
tion  constants  (F  represenution,  A  reduction'*)  as  well  as 
the  quadrupole  coupling  constants  of  one  or  two  nuclei  by  a 
nonlinear  least-squares  fit  (“global  fit”)  from  observed  fre¬ 
quencies  of  hyperfine  components.  The  following  coupling 
scheme  was  used: 

J  +  I,  =  F„  |/- 7,1  </■,</  +  /,. 

F,-|-l2  =  F,  IF,  - /2|<F<F, -f /,. 

Because  the  relation  between  the  Cartesian  and  spherical 
quadrupole  coupling  tensors  and  the  final  expression  for  the 
l^eral  matrix  element  of  the  quadrupole  coupling  operator 
Hq^  +Hq2  derived  rarlier*  contain  typographical  errors, 
the  correct  equations  are  given  here,  with  F,  as  the  compo¬ 
nent  of  F along  the  space-fixed  e,  axis  (see  also  Ref.  13): 


<F(F„72 )F,F,  (FJ,  )72Ar  , 
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Matrix  elements  due  to  /;  =  1  ( '*N )  off-diagonal  in  F,  were 
neglected.  The  program  was  modified  to  enable  direct  dia- 
gonalization  of  the  whole  F,  block  containing  all  matrix  ele¬ 
ments  originating  from /,  =  3/2  (Br)  for/",  up  to  59/2.  This 
modification  was  essential  for  the  successful  analysis  of  the 
hyperfine  splitting  of  the  high  J  transitions. 

All  observed  hyperfine  components  obeyed  the  approxi¬ 
mate  selection  rules  A/"  =  A/',  =  M.  The  hyperfine  struc¬ 
ture  due  to  the  bromine  quadrupole  could  be  resolved  com¬ 
pletely  into  four  components  for  all  but  a  few  transitions. 
The  components  F  =  F,  +  \  and  F=  F^—  1  (due  to  '"‘N) 
could  never  be  resolved  from  each  other.  Both  calculated 
frequencies  were  fit  simultaneously  to  the  same  observed  fre¬ 
quency.  But  they  were  usually  resolvable  from  the  compo¬ 
nent  F=  F,. 

Initial  spectroscopic  parameters  were  obtained  as  fol¬ 
lows.  The  centrifugal  distortion  and  the  ''‘N  quadrupole  cou¬ 
pling  constants  were  transferred  from  the  work  on 
CF2='*NC1.’  Rotational  constants  were  calculated  from  an 
assumed  structure  (see  the  previous  section).  Estimates  for 
the  ^''Br  quadrupole  coupling  constants  were  obtained  oy 
multiplying  all  constants  reported  for  ”C1  in  CF3=NC1' 
with  —  8.0  which  is  about  the  average  of  the  ratios  of  the 
’“Br  and  ”C1  quadrupole  coupling  constants  for  similar  mol¬ 
ecules. 

After  the  frequencies  of  the  hyperfine  components  of  the 
Q  transitions  had  been  measured  precisely  for 

CF3=:'‘‘N’''Br,  we  analyzed  these  data  in  detail  in  order  to 
gain  as  much  information  as  possible  before  our  search  for 
the  R  transitions.  The  hyperfine  structure  of  the  transitions 
I  I  "-Joj  followed  approximately  a 

first  order  perturbation  pattern  and  could  be  fit  without  any 
problems  by  varying  B,C.  some  centrifugal  distortion  con¬ 
stants.  a'm  -  xVc  and  Xm  ~  However,  the  splitting  pat¬ 
tern  of  the  transitions  J^j  _  ,  — 7- _ ;  exhibited  some  irregu¬ 
larities,  particularly  for  the  members  y  =  2 1 . 22. 23  ( Fig.  2 ) . 
Upon  inspection  we  discovered  that  the  energy  levels  _  , 
were  rather  close  to  the  levels  ^  —  Uy-  5  (for  7  =  21,  the 
separation  was  less  than  2  GHz).  The  members  of  such  a 
pair  could  interact  with  each  ot.iCr  through  a  matrix  clement 
originating  from  Xat  of  the  bromine  atom.  Exploratory  cal¬ 
culations  in  which  Xat,  '^'as  changed  by  ±  30  MHz  indeed 
revealed  that  the  splitting  pattern  depended  critically  on  this 
parameter.  However,  changing  Xak  alone  could  not  repro¬ 
duce  the  observed  pattern.  Whenever  two  states  are  per¬ 
turbed  by  an  off-diagonal  matrix  element,  the  penurbatvon 
depends  not  only  on  the  magnitude  of  that  element  but  also 
on  the  energy  difference  between  the  interacting  states  The 
only  way  to  change  this  difference  with  given  differences 
between  rotational  constants  was  to  change  all  rotational 
constants  simultaneously  by  the  same  amount.  This  had  the 
effect  of  shifting  the  stacks  of  energy  levels  belonging  to  dif¬ 
ferent  J 's  with  respect  to  each  other.  The  splitting  patterns  in 
question  were  indeed  very  sensitive  to  such  a  change  of  rota¬ 
tional  constants.  Therefore,  we  tried  to  iterate  simultaneous- 
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FIG.  1.  CF;=''‘N’''Br  Hyperfine  splitting  patterns  (corrected  for  '■'N 
splitting)  for  the  transitions  J^j  _  ,  —J^.j  _  , .  J  =  2 1  { bottom )  to  y  =  28 
(top).  v„:  hypothetical  unsplit  frequency.  Solid  lines:  observed  and  fti  hy- 
peifine  components.  Dashed  lines:  approximate  "first-order"  pattern  calcu¬ 
lated  from  the  final  constants  by  neglecting  all  matnx  elements  ofiT-diagonal 
m/ 

ly  on  all  three  rotational  constants  and  all  bromine  quadru¬ 
pole  coupling  constants  and  the  least-squares  fitting  process 
converged.  With  the  rotational  constants  obtained  in  this 
manner,  the  R  transitions  could  be  predicted  accurately 
enough  to  identify  them  quickly  (see  the  previous  section). 
In  the  final  stage  of  the  analysis,  over  3(X)  frequencies  of 
hyperfine  components  belonging  to  32  transitions  were  fit  to 
determine  rotational  and  quanic  centrifugal  distortion  con¬ 
stants  as  well  as  xt^xll  “  and  Xbb  -  X<.  for 

both  isotonic  species. 

The  '  .tt.  constants  are  listed  in  Table  1.  Differences 
between  observed  and  calculated  frequencies  are  given  in  the 
supplementary  material."'  The  quadrupole  coupling  tensors 
for  the  bromine  atoms  were  transformed  to  their  own  princi¬ 
pal  axes  system.  The  principal  elements  as  well  as  the  angle 
of  rotation  and  the  asymmetry  parameter  77  =  (a":,  —  A',  )/ 
A':  together  with  their  standard  errors  are  also  listed  in  Table 
I.  The  parameter  with  the  largest  relative  error  and  with  the 
largest  difference  between  the  isotopic  species  was  x^c  T^hts 
is  certainly  due  to  the  inability  to  resolve  the  hyperfine  com¬ 
ponents  F  =  F,  +  1  and  F  =  F,  —  1  for  any  observed  transi¬ 
tion.  There  is  no  doubt  that  some  low  J  transitions  in  a  lower 
frequency  region  would  experience  resolvable  separations 
between  these  components.  All  other  parameters  agreed  well 
between  the  isotopic  species  and  all  but  could  be  deter¬ 
mined  with  high  accuracy. 

Molecular  structure 

The  inertial  defects  of  0.1916  and  0.1918  u  A'  for 
CF-=‘*N’'*Br  and  CF;='^N'"Br,  respectively,  proved  the 
planarity  of  the  N-bromodifluoromethanimine  molecule. 
The  determination  of  a  reliable  molecular  structure  for  this 
molecule  by  the  diagnostic  least-squares  method'''  '*  was 
hampered  by  the  same  difficulties  as  those  encountered  in 
the  study  of  the  N-chloro  compound.  ’  A  different  approach 
was  chosen  this  time.  The  set  of  independent  structural  pa- 
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TABLE  1.  Rotational,  centrifugal  distortion,  and  quadrupole  coupling  constants  of  N-bromodifluoromethanimine.*''’ 


CF,  =  '*N’^r  CF,  =  ‘*N*'Br  CF,  =  “N’^Br  CF,  =  '*N"'Br 


X/MHz 

11  252.312  6(17) 

11  252.3042(20) 

rf:/MHz 

584.34(26) 

487.49(36) 

5 /MHz 

1600.268  63(32) 

1584.820  37(41) 

urS;-i't')/MHz 

90.128(10) 

75.291(10) 

C/MHz 

1400.276  03(30) 

1388.432  85(39) 

x!;/mhz 

479.45(15) 

400.44(13) 

AjAHz 

0.194  6(11) 

0.1924(14) 

rS/MHz 

-202.04(13) 

-  168.45(18) 

Aj,f/kHz 

2.185  7(72) 

2.1388(78) 

if;  =  r?'/MHz 

-382.30(13) 

-  319.04(18) 

AHz 

9.16(33) 

9.75(34) 

X^'/MHz 

-428.91(14) 

-  358.09(17) 

Sj/kHz 

0.024  023(49) 

0.023  415(44) 

rf'/MHz 

811.21(24) 

677.13(34) 

Si, /kHz 

1.413  5(73) 

1.4006(78) 

S  /deg' 

23.323(8) 

25.341(8) 

ri/MHz 

2.39(25) 

1.83(32) 

-0.0575(2) 

-0.0577(1) 

-  1.536  9(75) 

-  1.3398(72) 

<7/MHz' 

0.0179 

0.0172 

>*  MHz 

-2.73(13) 

-2.45(16) 

n< 

341 

326 

ri/MHz 

0.34(13) 

0.62(16) 

*  Standard  erron  in  parentheses  in  units  of  last  digit. 

“Tm.-  Xa  (fot  N,  Br)  and  Xt<XfXi^  ^  ®J>d  p  (for  Br)  are  dependent  parameters. 

‘  t?  =  angle  between  inertial  principal  axis  a  and  quadrupole  coupling  tensor  principal  axis  2  ( for  Br ) . 
‘V  =  (T.  -X.'i^X.  (forBr). 

'  Standard  deviation. 

'Number  of  fitted  hyperfine  components. 


rameiers  contained  the  variables  r(NBr),  r{CN),  r(CF), 
Qr(BrNC),  a(NCF,),  and  a(FCF).  The  distances  /"(CF) 
were  required  to  be  equal  because  the  resulting  difference 
r(CF, )  —  r(CF, )  depended  heavily  on  the  staning  values 
of  other  parameters  if  this  requirement  was  lifted.  The  angle 
a(  FCF)  instead  of  a(NCF^ )  was  included  because  a  range 
of  values  for  this  angle  in  the  F;C=moiety  has  been  reported 
in  the  literature.  Only  the  rotational  constants  A  and  5  of 
both  isotopic  species,  weighted  by  the  inverse  square  of  their 
standard  errors,  were  used  to  derive  a  plausible  molecular 
structure.  With  this  choice,  three  linear  combinations  of  the 
six  structural  parameters  became  well  determined.  None  of 
these  contained  significant  contributions  from  the  param¬ 
eters  r(NBr)  or  a(  FCF).  Therefore,  these  parameters  were 
kept  constant  during  the  fit.  The  value  of  1.85  A.  chosen  for 
r(NBr),  was  transferred  from  the  work  on  BrNCO"  which 
was  the  only  investigation  reponing  a  NBr  bond  length  m  a 
Br-N=C  moiety.  The  angle  a(FCF)  was  kept  constant  at 


one  of  the  values  110“,  1 12°,  or  1 14°.  They  covered  the  range 
of  values  for  FCF  angles  reported  in  the  literature  for  the 
F;C=linkage  (except'*’  for  F;C=0,  107.9°).  The  value  of 
1 14.0°  was  chosen  eventually  because  only  in  this  case  was 
the  angle  between  the  N-Br  bond  direction  and  the  z  princi¬ 
pal  axis  of  the  bromine  quadrupole  coupling  tensor  smaller 
than  1°.  Initial  values  and  final  results  are  listed  in  Table  II. 
The  estimated  standard  errors  for  the  final  values  were  ob¬ 
tained  by  using  the  diagnostic  least -squares  method  with  the 
estimated  uncertainties  0.05.  0.02.  and  0.01  A  for  the  dis¬ 
tances  r(NBr),  r(CN)  and  r(CF).  respectively,  and  2.0°, 
1.0*.  and  5.0°  for  the  angles  a(BrNC),  a(NCF, ).  and 
a(FCF).  respectively. 

For  comparison,  the  molecular  structure  of  N-chloro- 
difluoromethanimine  was  reevaluated  by  the  same  method. 
Except  for  the  N-halogen  distance,  identical  initial  values 
were  assumed.  These  results  are  also  shown  in  Table  II.  to¬ 
gether  with  the  values  reported  earlier.- '  Apart  from  the  N- 


TaBLE  II  Molecular  structure  of  N-bromodifiuoromethanimine  and  related  molecules 


Parameter 

CF.  =  NBr 

CF;  =  NCI 

CF-  =  NF 

Initial 

Final 

In  tial 

Final 

Ref.  3 

Ref  2 

Ref  5 

r(  NX) 

1.850 

1.850(31) 

1  700 

1  700(31) 

1  700 

1  745 

1.38° 

n  CN 1 

1  254 

1.249(16) 

1  254 

1.246(  16) 

1  254 

1.273 

1.274 

riCF,  )  =  r(CF,  1 

1  310 

1.307(6) 

I  310 

1.307(6) 

1.300 

1.300 

1.300 

at  CNX) 

118.0 

I170;i8) 

118  0 

116  4(18) 

1164 

112.0 

10"  9 

o(NCF,) 

120  0 

120.2(6) 

120  0 

1203(6) 

119  5 

119  8 

119.8 

otFCF) 

114  0 

114  0(30) 

114  0 

114  0(31) 

114.3 

113  0 

113  0 

o(NCF, )' 

125.8(25) 

125.7(26) 

126.2 

127.2 

12'. 2 

I?" 

25.8 

27  1 

27.15 

'  Intemuclear  distances  r  in  A,  bond  angles  a  in  degrees 

"Estimated  standard  errors  in  parentheses  m  units  of  last  digit  (see  the  text). 

'  Dependent  parameter. 

°  Angle  between  "a"  pnnapal  axis  and  NX  bond  direction 
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halogen  distance  and  perhaps  the  angle  a  (halogen  NC),  the 
structures  for  the  brotno-  and  chloro-compounds  are  about 
identical. 

DISCUSSION 

The  experience  and  the  information  acquired  during  the 
investigation  of  the  microwave  spectrum  of  N-chlorodi- 
fluoromethanimine’  proved  to  be  very  valuable  for  the  suc¬ 
cessful  assignment  and  analysis  of  the  rotational  spectrum  of 
N-bromodifluoromethanimine  reported  here.  The  domi¬ 
nance  of  h-type  transitions  in  the  spectrum,  approximate 
quadrupole  coupling  constants  for  '^N  and  a  reasonable  esti¬ 
mate  of  the  structure  of  these  molecules  could  be  derived 
from  the  data  on  CF2=NC1.  It  was  also  possible  to  roughly 
estimate  the  diagonal  and  off-diagonal  quadrupole  coupling 
constants  for  bromine. 

The  most  significant  aspect  of  this  investigation  was  the 
ability  to  determine  the  magnitude  of  all  rotational  constants 
from  the  hyperfine  splitting  patterns  of  Q  transitions  al¬ 
though  usually  only  accurate  differences  between  rotational 
constants  can  be  obtained  from  Q  transitions.  These  prelimi¬ 
nary  routional  constants  were  within  1 .5  MHz  of  their  final 
values.  The  prerequisites  for  this  achievement  were  the  pres¬ 
ence  of  a  large  off-diagonal  element  of  the  quadrupole  cou¬ 
pling  tensor,  the  accessibility  of  sensitive  transitions  in  the 
available  spectral  range  and  a  crude  estimate  of  the  magni¬ 
tude  of  the  coupling  element.  A  similar  interaction  has  been 
used  by  Gerry  and  co-workers  to  determine  accurate  values 
for  A  and  in  the  near-prolate  rotor  spectrum  of  INCO 
from  <7-type  transitions  alone.” 

The  information  from  the  CF;=NC1  study  and  the  ro¬ 
tational  constants  derived  from  Q  transitions  were  impor¬ 
tant  for  this  investigation  because  the  rapid  decomposition 
and  the  continuous  flow  system  required  a  relatively  large 
amount  of  sample.  Nevertheless,  we  were  able  to  record  the 
spectrum,  assign  it  and  measure  all  reported  frequencies  pre¬ 
cisely  within  a  total  of  15  nonconsecutive  days  on  the 
spectrometer  with  about  4  mmol  of  sample. 

The  supplementary  material*'  contains  a  number  of 
cases  in  which  two  frequencies  were  reported  with  a  separa¬ 
tion  of  as  low  as  0. 12  MHz.  Of  course,  two  lines  with  band¬ 
width  at  half-height  of  just  less  than  0.2  MHz  were  not  base¬ 
line  resolved  in  such  a  case.  However,  in  all  these  instances, 
the  weaker  component  of  such  a  doublet  split  by  the  '''N 
hyperfine  interaction  was  obsen'ed  as  a  distinct  step  in  the 
recording  of  the  signal  and  not  just  a  fuzzy  shoulder. 

The  standard  deviations  of  the  least-squares  fits  for  both 
isotopic  species  are  less  than  0.018  MHz.  Nevertheless,  the 
residuals  of  the  if— F,  I  =  1  components  of  the  lower  J  tran¬ 
sitions  exhibit  a  systematic  trend  which  was  caused  by  the 
fact  that  these  unresolvable  components  were  always  fitted 
to  the  same  observed  frequency.  A  better  way  to  account  for 
the  unresolvable  components  would  have  been  to  fit  the 
average  of  the  calculated  frequencies,  weighted  by  intensi¬ 
ties.  to  the  observed  frequency.  This  procedure  would  reduce 
the  number  of  data  points  and  would  remove  the  systematic 
part  of  the  residuals.  The  effort  to  program  such  a  procedure 
including  the  calculation  of  relative  intensities  did  not  seem 
necessary  nor  worthwhile  because  the  standard  deviations 


were  already  as  low  as  the  experimental  precision  of  the  data. 

The  ratios  between  corresponding  quadrupole  coupling 
constants  for  the  bromine  isotopes  were  between  1 . 197 1  and 
1.1994,  with  an  average  of  1.1981,  which  is  within  0.001  of 
the  ratio  of  the  nuclear  quadrupole  moments. This  was  also 
true  for  elements  of  the  quadrupole  coupling  tensors  ex¬ 
pressed  in  the  principal  inertial  axes  system,  indicating  that 
the  principal  inertial  axes  have  essentially  the  same  orienta¬ 
tion  with  respect  to  the  molecular  frame.  An  ionic  character 
of  4.6%  for  the  N-Br  bond  with  the  net  positive  charge  on 
the  bromine  atom  was  derived  from  the  bromine  quadrupole 
coupling  constants  according  to  the  Townes  and  Daily  mod¬ 
el."*  Similarly,  the  tr  character  of  this  bond  was  estimated  to 
be  4.0%  from  the  asymmetry  of  the  diagonalized  quadru¬ 
pole  coupling  tensor. 

Whereas  this  investigation  yielded  quite  accurate  spec¬ 
troscopic  data  about  N-bromodifluoromethanimine,  the 
structural  information  derived  from  them  were  less  satisfac¬ 
tory.  Although  we  were  able  to  propose  structures  for  both 
CF;=NBr  and  CF-=NC1  consistent  with  each  other,  a 
number  of  problems  remained.  The  bond  length  /•(  NBr)  was 
of  greatest  interest  but  nothing  new  could  be  learned  about 
it.  The  angle  afCNBr)  was  definitely  larger  than  the  corre¬ 
sponding  angle  a(CNF)  in  CF;=NF.'  However,  the  ques¬ 
tion  as  to  how  much  larger  could  not  be  answered  finally. 
The  only  structural  parameter  almost  independent  from  as¬ 
sumptions  and  initial  values  was  the  angle  a  ( NCF, )  of 
about  120'  All  other  parameters  depended  to  a  large  extent 
on  the  initial  assumptions.  Without  the  information  from  the 
quadrupole  coupling  tensor  (angle  between  a  and  z  axis),  it 
would  have  been  even  harder  to  decide  between  different 
possible  solutions.  If  we  assume  that  the  c  axis  is  more  or  less 
aligned  with  the  direction  of  the  straight  line  connecting  the 
N  and  Br  nuclei,  this  angle  required  a  bond  length  r(  CN ) 
much  shorter  than  the  r.  values  determined  for  CH;=NH 
and  CH-=NOH*°  of  approximately  1.275  A.  and  an  angle 
a(FCF)  much  larger  than  the  r„  value  of  107.9' reported  for 
CF-=0. The  structure  of  CF,=NF  derived  from  mi¬ 
crowave  and  electron  diffraction  data'  is  definitely  different 
from  the  structures  of  CF;=NBr  and  CF.=NC1.  The  dif¬ 
ferences  in  the  quadrupole  coupling  constants  for  ''‘N  in 
these  molecules  are  an  indication  for  different  electronic  en¬ 
vironments  which  very  well  may  translate  into  different  mo¬ 
lecular  structures.  The  electronic  and  structural  differences 
between  the  CF;=NX  molecules  doend.  of  course,  on  the 
relative  electronegativities  of  the  halogen  atoms  with  respect 
to  nitrogen.  Nevertheless,  only  data  from  additional  isotopic 
modifications  ( ''N.  ’'C)  will  be  able  to  resolve  the  questions 
about  the  exact  geometry  of  the  C=N-X  moiety  in  these 
halogenated  imines. 

ACKNOWLEDGMENTS 

The  authors  gratefully  acknowledge  financial  suppon 
of  this  study  by  the  U.S.  Army  Research  Office  and  the  Na¬ 
tional  Science  Foundation 


'R  P  Hirschmann.  H  L  Simon,  and  D  E  Young.  Specirochim  .\cta  A 
27.  421  I  1<)71  ) 


J  Cn«m  Ptiys  .  VOi  91.  No  10. 15  Novemoe' 1989 


Groner  el  al. :  Microwave  soectrum  of  N-bromodif luoromethanimine 


5939 


■W.  D.  Anderson,  M.  C.  L.  Gerr\'.  C.  W.  Bauknighi.  and  D.  D.  DesMar- 
teau.  J.  Mol.  Spectrosc.  122,  S6  ( 1987). 

^P.  Groner.  H.  Nanaie,  and  J.  R.  Durig.  J.  Mol.  Struct.  IdO,  37  ( 1987). 
■•D.  Christen,  J.  Mol.  Struct.  79,  221  ( 1982). 

*D.  Christen.  H.  Oberhammer.  R.  M.  Hammaker.  S.-C.  Chang,  and  D.  D. 
DesMarteau,  J.  Am.  Chem.  Soc.  104,  6186  ( 1982). 

*D.  Christen  and  K.  Kalcher.  J.  Mol.  Struct.  97.  143  ( 1983). 

’B.  A.  O’Brien.  J.  S.  Thrasher,  C.  W.  Bauknight.  M.  L.  Robin,  and  D.  D. 
DesMarteau.  J.  Am.  Chem.  Soc.  106. 4266  ( 1984);  C.  W.  Bauknight.  Jr., 
and  D.  D.  DesMarteau,  J.  Org.  Chem.  53,  4443  ( 1988). 

"P.  Groner.  H.  Nanaie.  J.  R.  Durig. and  D.  D.  DesManeau.  J.  Chem.  Phys. 
89.  3983  (1988). 

’K.  Moller,  M.  Winnewisser.  G.  Pawelke.  and  H.  Burger,  J.  Mol.  Struct. 
190,  343  (1988). 

"H.  Bii.'ger  and  G.  Pawelke.  J.  Chem.  Soc..  Chem.  Common.  1988.  105. 

'  'H.  M.  Jemson.  W.  Lewis-Bevan,  N.  P.  C.  Westwood,  and  M.  C.  L.  Gerry . 
3.  Mol.  Spectrosc.  118. 481  ( 1986). 

'-J.  K.  G.  Watson,  in  Vibrational  Spectra  and  Structure,  edited  by  J.  R. 
Durig  (Elsevier,  Amsterdam.  1977).  Vol  6. 


'■’R.  L.  Cook  and  F.  C.  DeLucia.  Am,  J.  Phys.  39.  1433  ( 1971 ) 

‘■“R.  F.  Curl.  J.  Comput.  Phys.  6.  367  ( 1970). 

”P.  Groner,  J.  S.  Church,  Y.  S.  Li.  and  J.  R.  Durig.  J.  Chem.  Phys.  82.  3894 
(1985), 

"■J.  H.  Carpenter.  J.  Mol.  Spectrosc.  50,  182  ( 1974) 

’’H.  M.  Jemson.  W.  Lewis-Bevan,  N.  P.  C.  Westwood,  and  M.  C.  L.  Gerry. 
J.  Mol.  Spectrosc.  119.  22  ( 1986). 

'“W  Gordy  and  R.  L.  Cook,  Microwave  Molecular  Spectra  ( Wiley -Inier- 
science.  New  York.  1970). 

'■'R.  Pearson  and  F.  J.  Lovas.  J.  Chem,  Phys.  66.  4149  ( 1977) 

-"1-  N.  Levine.  J.  Chem,  Phys.  38,  2326  (1963). 

"'See  AIP  document  No.  PAPS-JCPSA-9 1-5934-6  for  6  pages  of  measured 
and  assigned  microwave  transition  frequencies  and  hyperhne  components 
of  N-bromodifluoromethanimine.  Order  by  PAPS  number  and  journal 
reference  from  American  Institute  of  Physics.  Physics  Auxiliary  Publica¬ 
tion  Service.  335  East  45th  Street.  New  York.  NY  10017.  The  pnce  is 
$1.50  for  each  microfiche  (98  pages)  or  $5.(X)  for  photocopies  of  up  to  30 
pages,  and  SO.  15  for  each  additional  page  over  30  pages.  Airmail  addi¬ 
tional.  Make  checks  payable  to  the  Amencan  Institute  of  Physics. 


J  Chem  Phys  .  voi  9i .  No  i0  15  November  i989 


Reprinted  from  Inorgmnic  Chemiatry,  1989,  2S,  4340 

CopsTriglit  ©  1989  by  the  American  Chemical  Society  and  reprinted  by  permission  of  the  copyright  owner. 


Contribution  from  the  Institut  fOr  Physikalische  und  Theoretische  Chemie,  Universitit  Tubingen.  7400  Tubingen.  West  Germany. 

and  Department  of  Chemistry.  Clemson  University.  Clemson.  South  Carolina  29634-1905 

Molecular  Structure  and  Internal  Rotation  Potential  of 

Perfluoro-2,3-diaza-l,3*butadiene,  CF2=N — N=CF2.  An  Electron  Diffraction  and  ab 
Initio  Study 
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Receiotd  May  5.  1989 

A  gas-phase  electron  diffraction  study  of  perfluoro-2.3-diaza-l,3-butadiene  results  in  a  planar  trans  structure  with  the  following 
geometric  parameters  (r,  values  with  3cr  uncertainties):  N— N  *  1.421  (12),  C— N  »  1.264  (7),  C— F  ■  1.304  (4)  A;  N— N— C 
“  1 1 2.7  (9).  F— C — F  ■  1 10.8  (9)®.  The  CFj  groups  are  tilted  by  5.0  (8)®  toward  the  nitrogen  lone  pairs.  No  additional  conformer 
has  been  observed.  Ab  initio  calculations  for  CHj— N— N— CHj  (6-31G®*  basis)  and  CFj— N— N— CFj  (6-31G®  basis) 
demonstrate  that  the  internal  rotation  potentials  change  drastically  if  electron  correlation  is  included  at  the  MP2  level.  Whereas 
SCF-HF  calculations  predict  the  planar  trans  forms  to  be  the  only  stable  conformers.  the  MP2  method  predicts  additional 
high-energy  gauche  conformers  with  A£  *  0.8  (CHj—N — N«CH2)  and  1.8  heal  mol"'  (CFj—N — N—CFj)  Both  values  are 
in  good  agreement  with  experiment,  A£  ■  1.2  (5)  kcal  moF*  for  the  parent  compound  and  AC  >  1 .8  kcal  mol"'  for  the  fluonnated 
species. 


Introduction  attracted  considerable  interest  over  the  past  decades.  It  is  well 

Structure  and  conformational  properties  of  the  simplest  con-  established  by  experimental  methods  (electron  diffraction,  vi- 

jugated  systems,  1 .3-butadiene  and  the  isoelectronic  glyoxai,  have  brational  spectroscopy*)  and  by  ab  initio  calculations  that  the 
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Ftgmt  2.  Experimenul  radial  distribution  function  and  difference  curve. 
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FigHrc  1.  Experimenul  (m>)  and  calculated  ( — )  molecular  intensities 
and  difTerenccs. 


most  stable  conformer  of  l,3*butadiene  is  the  planar  trans  form 
and  the  less  stable  conformer  has  a  cis-gauche  structure.  From 
calorimetric^  and  spectroscopic  data^‘  an  energy  difference  be¬ 
tween  2.1  and  3.1  kcal  mol*'  is  estimated  in  good  agreement  with 
high-iiuality  ab  initio  calculations,^  which  predict  3. IS  kcal  mol*'. 
Glyoxal  experimental  studies  (electronic’<*  and  microwave  spectra*) 
and  ab  initio  calculations'"  find  a  higlxnergy  planar  cis  conformer 
beside  the  most  stable  planar  trans  structure."  For  this  compound 
experimenul  values  for  the  energy  difference  of  3.2  (6)  and  3.8 
(6)  kcal  mol*'  have  been  reported,’-'*  and  ab  initio  calculations 
predict  values  of  5.86,"*  5.6,""  5.1,"*  and  4.25  kcal  irwr'.""  An 
electron  diffraaion  study"  for  the  isoelectronic  2,3-diaza- 1,3- 
butadiene  (formaldazine),  CH:— N— N-CHj,  which  was  carried 
out  at  temperatures  between  -30  and  +225  *C,  results  in  a  mixture 
of  tram  and  cis-gauche  conformers  with  an  energy  difference  of 
1.2  (5)  kcal  mol*'.  The  existence  of  a  second  high-energy  con¬ 
former  is  confirmed  by  matrix  IR  speara.'* 

Fluorination  has  a  drastic  effect  on  the  conformation  of  1,3- 
butadiene.  Gas-phase  electron  diffraction"  and  photoelectron  and 
optical  spectra'*  demonstrate  that  in  perfluoro- 1,3-butadiene  the 
cis-gauche  conformation  is  the  most  suble  structure  and  no 


(3)  Bock,  C.  W.;  Geoife,  P.;  Tfactatman,  M.  Theor.  Chim.  Acta  I9M.  <4, 
293  tad  referenoa  tberein. 

(4)  Ptneheako.  Yu.  N.;  Abnaieakov,  A.  V.;  Bock.  C.  W.  J.  Mol.  Struct. 
I9M,  140.  S7  sad  refereacet  tbercia. 

(5)  Attoa.  J.  C.;  Sxssx.  C.;  Woolley,  H.  W.;  Brickwedde,  F.  G.  /.  Chtm. 
Fhyt.  194«,  14.  67. 

(6)  (a)  Lipaick,  R.  L.;  Ctrbisek.  E.  W..  Jr.  J.  Am.  Chtm.  Sac.  1973.  9S. 
6370.  (b)  Duria,  J.  R.;  Buey,  W.  t:  Cole,  A.  R.  H.  Caa.  J.  Phyt.  1976, 
S3.  IS32.  (c)  Bock.  C.  W  -  George.  P  .  Traebunan,  M.;  Zanger,  M.  J. 
Chtm.  Soc.,  Perkin  Trans.  7  19^,  26. 

(7)  Carrie,  G.  N.;  Ramsey,  D.  A.  Can.  J.  Phys.  1971,  49,  317. 

(8)  Raatsey,  D.  A.;  Zaali,  C.  Acta  Phys.  Acad.  Sci.  Hunf.  1974,  35.  79. 

(9)  Durig.  J.  R.;  Toag,  C.  C.;  U.  Y.  S.  /  Chtm.  Phys.  1972,  37,  4423. 
Cote,  A.  R.  H.;  U,  Y.  S.;  Duria,  J.  R.  J.  Mol.  Sptarotc.  1976, 61,  346 

(10)  (a)  Osamara.  Y.:  Schaefer,  H.  F.,  III.  J.  Chtm.  Phys.  1911,  74, 4376 
aad  refereaoes  thereiB.  (b)  De  Mare,  G.  A.  J.  Mol.  Strua.  19B4, 107, 
127.  (c)  AUmger,  N  L.;  Schifer,  L.;  Siam,  K:  Kbmkomfcy.  V.  J.;  Van 
Alacaoy,  C.  J.  Camput  Chtm.  1905,  6,  331.  (d)  Seuseria.  G.  E.; 
Schaefer,  H.  F.,  III.  Private  communication. 

(11)  Kachitsu,  K.;  Fakuyama,  T.;  Moriao,  Y.  J.  Mol.  Struct.  1969,  4.  41. 

(12)  Butx,  K.  W.;  Johnson.  J.  R.;  Krajaovich.  D.  J.;  Parraeater.  C.  S.  J. 
Chtm.  Phys.  I9B7.  S6.  3923. 

(13)  Hagea.  1C:  Baadyhey,  V.  Hedbcrg,  K.  J.  Am.  Chtm.  Soc.  1977, 99. 
1363. 

(14)  Baadyhey,  V.  E.;  NiMcr,  J.  W.  Sptetroehim.  Acta,  Part  a  1973,  79. 
643 

( 1 5)  Chaag.  C.  H.;  Andraaasen,  A.  L.;  Bauer,  S.  H.  3.  Org.  Chtm.  1971. 36, 
920 

(16)  Brandle,  C.  R.;  Robin,  M  B  J  Am  Chtm.  Soc  1970.  97.  3330 


Table  I.  Results  of  Electron  Diffraction  Analysis  for 

CFi—N— N— CFa _ 

(a)  Geometric  Parameters' 

C— N  1.264  (7)  F— C— F  110.8(9) 

C— F  1.304  (4)  tilt*  5.0  (U) 

N— N  1.421  (12)  (CNNC)^  153  (5) 

N— N-C  112.7(9) 

(b)  Interatomic  Distances  and  Vibrational  Amplitudes 


C— N 

1.26 

0.040^ 

C-C' 

3.30 

0.070* 

C— F 

1.30 

0.046  (6) 

N-F,' 

3.47 

0.084  (16) 

N— N 

1.42 

0.050* 

c--,' 

3.84 

0.16  (5) 

F.-F. 

N-C' 

2.15 

2.24 

1  0.056  (10) 

C-F,' 

F.-F/ 

4.41 

4.67 

0.09  (3) 

1  0.15  (3) 

N-F, 

2.22 

Fc-F,' 

4.70 

N-F. 

2.32 

>  0.073  (9) 

F,-F,' 

5.61 

0.11  (5) 

N-F,' 

2.66 

(e)  Agreement  Factors  for  the  Two  Camera  Disunces* 
0.039  Ru*  0.134 


*r,  values  in  angstroms  and  degrees.  Estimated  uncertainties  are  3e 
values  and  include  systematic  errors  (see  text).  *Tilt  angle  of  CFj 
group  toward  nitrogen  lone  pair.  'Not  refined. 

(j,Af, -*■)»]'/*;  A,  ■  sMr*  -  s^ir^.  w,  m  weight. 

contribution  of  the  planar  trans  conformer  has  been  observed.  This 
experimental  obsemtion  has  recently  been  reproduced  correctly 
by  ab  initio  calculations  that  predia  tte  planar  trans  conformation 
to  be  higher  in  energy  by  1.8  kcal  mol*'  relative  to  the  gauche 
structure."  IR  and  Raman  spectra"  and  electron  diffraction 
intensities'*  for  oxalyl  fluoride,  (COF)2,  are  interpreted  as  a 
mixture  of  planar  trans  and  cis  conformers  in  the  gas  phase,  with 
the  trans  form  favored  but  indicating  that  the  energy  difference 
between  these  two  conformations  is  lowered  appreciably  upen 
fluorination.  This  has  been  confirmed  by  ab  initio  calculations 
that  predict  the  cis  form  to  be  higher  in  energy  by  only  0.54  kcal 
mol*'  (4-31G  basis)  or  0.13  kcal  mol*'  (STO-^  basis)  than  the 
trans  conformer.® 

The  first  synthesis  of  the  perfluorinated  species  of  2.3-diaza- 
1. 3-butadiene  has  been  reported  by  Mitsch.*'  The  IR  (gas)  and 
Raman  (liquid)  spectra  were  interpreted  in  terms  of  a  planar  trans 
configuration.®  In  this  study  we  report  a  structure  determination 
of  CF2“N — N"CF2  by  gas  electron  diffraction  with  special 
attention  to  the  possible  presence  of  a  second  conformer.  For 
further  elucidation  of  the  effect  of  fluorination  on  the  shape  of 
the  internal  rotation  potential,  we  perform  ab  initio  calculations 
for  CH2“N — N“CH2  and  iu  perfluorinated  species. 
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TaMe  U.  HF-Optimized  Geometries  (A,  deg)  for  HjC“N — N—CHj  at  Various  CNNC  Dihedral  Angles  (deg)  and  Relative  HF  Energies 
(A£|}f)  and  MP2  Energies  (kcal  mol*')  at  HF  Geometries  (AEtff)  and  MP2  Geometries  (A£mp) 


CNNC 

N— N 

N— C 

C— H, 

C-H. 

NNC 

HCH 

tilt* 

A£{{P 

A£{ff^ 

A£!3?- 

cis 

1.411 

1.251 

1.077 

1.081 

122.3 

116.7 

4.7 

16.61 

14.87 

14.70 

30 

1.386 

1.253 

1.076 

1.082 

120.5 

117.8 

3.5 

11.23 

60 

1.369 

1.252 

1.076 

1.082 

118.3 

118.8 

2.5 

5.18 

1.92 

2.03 

75 

1.368 

1.251 

1.076 

1.082 

117.8 

118.7 

2.4 

4.02 

0.89 

1.06 

90 

1.370 

1.250 

1.076 

1.082 

117.3 

118.7 

2.4 

3.54 

0.65 

0.86 

lOS 

1.375 

1.250 

1.076 

1.081 

116.3 

118.7 

2.4 

3.20 

0.72 

120 

1.383 

1.250 

1.076 

1.081 

115.0 

118.8 

2.4 

2.64 

0.74 

0.90 

150 

1.392 

1.252 

1.076 

1.080 

113.0 

119.0 

2.2 

0.90 

tnns 

1.396 

1.253 

1.076 

1.080 

112.3 

119.2 

2.1 

0.00 

0.00 

0.00 

*Tilt  angle  of  CH2  group  toward  nitrogen  lone  pair. 

*£,  --186.8928674  au. 

*£,- -187.48501 1  5  au.  *'£,  = 

-187.488  5068  au;  all  £,  values 

■t  the  trans  configuration. 


Experimeata]  ScctkM 

CFi“N — N—Cfj  was  prepared  by  the  low-pressure  pyrolysis  of 
CF:~N — Br  at  SSO  *C.^  The  IR  spectra  at  10  and  100  Torr  in^cated 
no  impurities. 

The  electron  diffraction  intensities  were  recorded  with  the  Balzers 
KD-G2  gas  diffractograpb^  at  two  camera  distances  (25  and  SO  cm). 
The  electron  wavelength  (ca.  60  kV  accelerating  voluge)  was  calibrated 
with  ZnO  diffraction  |Mttmis.  The  sample  reservoir  was  kept  at  -S3  *C, 
and  the  stainless  steel  inlet  system  and  nozzle  were  at  room  temperature. 
The  camera  pressure  never  exceeded  KT’  Torr  during  the  experiment. 
Due  to  the  very  small  amount  of  sample  available,  only  two  photographic 
plates  (Kodak  Electron  Image  plates,  13X18  cm)  could  be  exposed  at 
each  camera  distance.  Both  shon-disttnce  plates  were  rather  light  (op¬ 
tical  densities  below  0.1),  which  makes  the  intensities  for  this  r  range 
more  noisy  than  usual.  The  four  plates  were  evaluated  by  the  usual 
procedures.^  and  the  averaged  molecular  intensities  in  the  r  ranges 
1.4-17  and  8-32  A'*  in  steps  of  ikr  *  0.2  A~'  are  presented  in  Figure  1. 

Straetare  Analysis  for  CF]~N — N^CFj.  The  radial  distribution 
curve  (Figure  2)  was  calculatnl  with  an  artificial  damping  consunt  of 
0.002  A^.  The  geometric  structure  of  the  pianar  trans  configuration  is 
characterized  by  three  bond  lengths  (N — N,  N^C,  C— F),  two  bond 
angles  (NNC,  FCF),  and  a  tilt  angle  between  the  FCF  bisector  and  the 
bond  direction  (tilt  in  the  molecular  plane;  positive  values  imply 
tilt  toward  nitrogen  lone  pair).  Preliminary  stmaure  refinements  indi 
cated  that  an  effective  dihedral  angle^  (ChfNC)^  <  180*  bad  to  be 
introduced  as  an  additional  parameter  in  order  to  account  for  the  large 
amplitude  torsional  vibration  around  the  N— N  bond.  The  vibrational 
amplituda  for  the  N — N  and  distances  had  to  be  constrained  in 

the  least-squares  analyses.  Further  assumptic.ri.'i  'or  the  vibrational  am¬ 
plitudes  are  evident  from  Table  I.  With  thc-e  constraints  seven  geo¬ 
metric  parameters  and  nine  vibrational  amplitudes  were  refined  simui- 
taneoiisly.  The  following  correlation  coeflicienu  had  values  larger  than 
|0.6|:  NC/CF  -  -0.94,  CF/FCF  ■  -0.61,  NNC/tilt  -  -0.64,  CF/1(CF) 
■  -0.86,  and  NC/1(CF)  •  0.89.  The  molecular  intensities  were  mod¬ 
ified  with  a  diagonal  weight  function,^  and  scattering  amplitudes  and 
phases  of  Haas^  were  used  in  the  least-squares  analyses.  The  final 
results  are  summarized  in  Table  1.  Estimated  uncertainties  are  based  on 
3e  values  and  include  poaible  systematic  erron  due  to  the  assumptions 
made  for  bonded  vibrational  amplitudes.  These  contributions  were 
estimated  by  varying  the  values  for  the  N — N  and  N~C  amplitudes  by 
AO.OOS  A. 

Model  calculations  demonstrate  that  the  molecular  intensitiet  at  small 
scattering  angels  and  the  radial  distribution  carve  in  the  region  of  long 
nonbonded  distances  are  very  sensitive  toward  small  contributions  from 
a  cis-gauebe  conformer.  Such  a  structure  is  characterized  by  several 
nonbonded  C—F  and  F— F  distances  around  4  A,  where  no  distances  in 
the  trans  conformer  occur,  and  by  no  distances  in  the  region  4.2  <  r  < 
S  A.  where  several  distances  in  the  trans  conformer  occur.  A  series  .rf 
least-squares  analyses  with  various  but  fixed  contributions  of  the  gauche 
conformer  were  planned.  The  boixl  lengths  and  angles  for  the  gauche 
conformer  were  constrained  to  the  values  for  the  trans  form,  except  for 
the  NNC  angle,  whieb  was  increased  according  to  the  ab  initio  calcula¬ 
tions  (see  below).  The  CNNC  dihedral  angle  was  varied  from  60  to 
100*.  The  agreement  faaor  for  the  long  camera  disunce  dau,  Rj#. 
increased  in  all  these  analyses,  and  we  estimate  an  upper  limit  of  10% 
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Figure  3.  Calculated  internal  rotation  potentials  at  HF  and  MP2  ap¬ 
proximations. 


gauche  contribution,  which  leads  to  an  increase  of  by  20%.  This 
corresponds  to  a  lower  limit  of  1.8  kcal  mol*'  for  the  free  enthalpy 
difference  between  gauche  and  trans  conformers. 

Ab  Initio  Calculatioiis 

The  shapes  of  the  potentials  for  internal  rotation  in  1,3-butadiene*  and 
glyoxal'°  have  been  studied  repeatedly  in  great  deuil  by  ab  initio 
methods.  Less  sophisticated  calculations  in  the  HF  approximation  using 
split  valence  basis  sets  without  polarization  functions  have  been  reported 
for  the  isoelectronic  2,3-diaza- 1,3-butadiene.”  If  the  experimental 
geometries  are  used,  a  potential  with  a  single  minimum  at  the  trans 
position  is  predicted.  The  experimental  findings,  i.e.  a  second  higher 
energy  gauche  conformer,  are  reproduced  qualitatively  with  partial  ad¬ 
justment  of  the  geometry.  This  gauche  conformation  at  CNNC  80* 
lies  3.S  kcal  mof  above  the  trans  structure.  Since  we  were  interested 
in  the  effect  of  fluorination  on  the  internal  rotation  potential,  we  per¬ 
formed  calculations  for  the  parent  diaza  compound  and  for  the  per- 
fluorinated  species.  The  program  suite  Gaussian  tz”  and  double-f  basis 
sets  with  polarization  functions  (6-31G**)  were  used. 

24-Diaia-13'h«tadicac.  Geometries  were  fully  optimized  by  HF 
gradient  methods  for  various  CNNC  dihedral  angles  between  0  (cis)  and 
180*  (trans)  in  steps  of  30*.  Two  additional  points  at  7S  and  lOS*  were 
included.  The  geometric  parameters  and  relative  HF  energies  (A£hf) 
are  summarized  in  Table  II.  Deviations  of  the  CH]  groups  from  co¬ 
planarity  with  the  NNC  plane  are  minor  and  are  not  given  in  the  table. 
The  tonional  potential  is  displayed  in  Figure  3  (curve  HF).  At  the  HF 
level  the  potential  for  internal  rotation  has  a  shoulder  around  the  90* 
dihedral  angle  and  3.S  kcal  moT'  above  the  trans  conformation  but  no 
second  minimum  This  is  in  direct  conflict  with  the  experiments.'^-'*  and 
therefore,  further  calculations  that  go  beyond  the  HF  level  were  per¬ 
formed.  The  relative  energies  obtained  in  second-order  Moller-Plesset 
approximation  (MP2)”  for  the  HF-optimized  geometries  (A£hf)  are 
also  listed  in  Table  II.  This  internal  rotation  potential  (not  displayed  in 
Figure  3)  has  a  very  flat  second  minimum  at  a  dihedral  angle  near  90*. 
about  0.6  kcal  mol*'  above  the  trans  structure. 

Since  HF  calculations  with  6-3 IG**  basis  sets  are  known  to  result  in 
uw  shon  bond  lengths,  which  may  have  a  small  but  in  our  case  significant 
influence  on  the  internal  roution  potential,  we  estimated  this  effect  by 
optimizing  the  skeleui  paiameters  (N — N,  N—C,  NNC)  for  the  trans 
configuration  at  the  MP2  level.  Inclusion  of  electron  correlation 
lengthens  the  N — N  and  N^l  bonds  by  about  0.03  and  0.04  A  and 


(28)  Skancke,  A.  J  Mol.  Sinict.  1976.  J4.  291. 

(29)  Brinkley.  J.  S.;  Frisch,  M.  J.;  DeFrees.  D.  J.;  Raghavachari.  K.; 
Whiteside,  R.  A.;  Schlegel.  H.  B.;  Fhider,  E  M.;  Pople.  J.  A.  Chemistry 
Department.  Carnegie- Mellon  University.  Pittsburgh,  1983. 

(30)  Moller,  C.;  Plesset.  M.  S.  Rhys.  Rev.  1934.  46.  618. 


Structure  and  Rotation  Potential  of  CF:=N — N=CF2 


Inorganic  Chemistry,  Vol.  28,  No.  24,  1989  4343 


Tabic  in.  HF-Opiimized  Geometries  (A.  deg)  for  FjC— N — N“CFj  at  Various  CNNC  Dihedral  Angles  (deg)  and  Relative  HF  Energies 
(AfSr)  and  MP2  Energies  (kcal  mol~')  at  MP2-Adjusted  Geometries  (A£{i}P) _ 


CNNR 

N— N 

N—C 

n 

1 

C-F. 

NNC 

FCF 

tilt' 

cis 

1.376 

1.231 

1.290 

1.293 

128.8 

108.9 

5.4 

16.71 

14.74 

45 

1.378 

1.231 

1.287 

1.296 

121.6 

110.1 

3.1 

8.46 

5.26 

90 

1.384 

1.230 

1.287 

1.294 

117.1 

110.4 

2.5 

4.17 

1.86 

135 

1.386 

1.233 

1.288 

1.290 

114.6 

110.4 

3.0 

1.55 

0.81 

trans 

1.387 

1.235 

1.288 

1.287 

113.3 

110.4 

3.3 

0.00 

0.00 

'Till  angle  of  CFj 

groups  toward  nitrogen  lone  pair.  ‘Total 

energy  £,  = 

-582.3146042 

au.  = 

-583.5542907  au;  both  values  at  the  trans 

configuration. 


Tabic  IV.  Experimenul  and  Calculated  Geometric  Parameters  (A. 
deg)  for  the  Trans  Configurations  of  HjC“N — N— CH2  and 
FjC— N— N— CFj _ 


H;C— N— N— CH;  FaC— N— N-CF; 


expt' 

HF 

MP2‘ 

expt' 

HF 

N— N 

I.4I8  (3) 

1.396 

1.432 

1.421  (12) 

1.387 

N—C 

1.277  (2) 

1.253 

1.285 

1.264  (7) 

1.235 

NNC 

111.4  (2) 

112.3 

109.8 

112.7  (9) 

113.3 

C— X, 

1.076 

1.076 

1.288 

c-x. 

1.094  (5) 

1.080 

1.080 

1.304  (4) 

1.287 

xcx 

118.6  (12) 

119.2 

119.2 

110.8  (9) 

110.4 

tilt‘ 

O.O* 

2.1 

2.1 

5.0  (8) 

3.3 

*r,  values  from  ref  13  for  -30  ‘C  nozzle  temperature.  ‘Only  the 
skeletal  parameters  (N — N,  N“C,  NNC)  were  optimized  at  the  MP2 
level;  the  CHj  parameters  correspond  to  HF  level,  'r,  values  from  this 
study.  ‘Tilt  of  CX]  groups  toward  nitrogen  lone  pair.  'Not  refined. 

decreases  the  NNC  angle  by  2.5*  (the  values  are  given  in  Table  IV).  For 
all  other  dihedral  angles  the  HF  values  were  adjusted  accordingly.  Since 
previous  calculations  for  methanimine.  HN-CH],’’  had  demonstrated 
that  electron  correlation  has  minor  effects  on  the  geometry  of  the  CH] 
group,  we  felt  justified  to  keep  these  parameters  at  the  HF  level.  The 
relative  MP2  energies  obuined  for  these  *MP2-optimized’  geometries 
(AFiJr)  brn  also  included  in  Table  11,  and  the  potential  function  is  dis¬ 
played  in  Figure  3  (curve  MP2).  This  potential  function  is  very  similar 
10  the  MP2  values  based  on  HF  geometries.  It  has  a  shallow  minimum 
around  the  8S*  dihedral  angle,  about  0.8  kcal  mol'*  above  the  trans 
configuration.  The  influence  of  the  geometric  parameters  (HF-  or 
MP2-optimized)  used  on  the  MP2  calculations  is  small,  and  we  consider 
the  values  as  the  best  theoretical  dau  available  at  that  time. 

PcrflMro-23-diaza-I.3-butadicae.  Computer-time  constraints  dictated 
a  rather  coane  grid  for  the  dihedral  angles  in  this  compound  and  obvi¬ 
ously  did  not  allow  geometry  optimizations  at  the  MP2  level.  The  HF- 
optimized  geometries  (6-3IC*  basis  set)  in  steps  of  45*  and  the  relative 
energies  (A£hf)  are  summarized  in  Table  III,  and  the  torsional  potential 
is  displayed  in  Figure  3.  Out  of  plane  distortions  for  the  CF]  groups  are 
again  small  and  not  listed  in  the  table.  For  the  MP2  calculations  the 
geometric  parameters  for  the  C”N — N—C  skeleton  were  adjusted  by 
transfering  the  corresponding  differences  for  the  trans  oonformer  of  the 
parent  compound  (see  Table  IV)  to  the  HF  values  of  the  fluorinated 
species.  This  procedure  appean  to  be  justified  on  the  basis  of  previous 
calculations  for  HN—CHj  and  HN—CFj,  where  the  effect  of  electron 
correlation  on  the  N—C  bond  length  was  shown  to  be  nearly  independent 
of  fluorination  (0.032  and  0.028  A,  respectively).”  The  effect  of  dearon 
correlation  on  the  C — F  bond  lengths  was  transfered  from  HN~CF}.” 
This  may  not  be  a  perfectly  correct  estimate  of  the  geometric  effects  of 
electron  correlation,  but  the  above  calculations  for  CHj—N — N-CHj 
had  demonstrated  that  the  internal  rotation  potential  depends  only  very 
moderately  on  the  geometry  (HF-  or  MP2-optimized).  The  A£mf  values 
(Table  III  and  Figure  3)  demonstrate  a  strong  effect  of  electron  corre¬ 
lation  on  the  torsional  potential.  The  coarse  grid  of  points  calculated 
along  the  internal  rotation  coordinate  and  the  level  of  theory  (estimated 
geometries  and  MP2  approximation),  however,  do  not  allow  the  predic¬ 
tion  of  quantitative  results.  The  similarity  of  this  potential  function  with 
that  for  CHj“N — N^^Hj  suggests  the  existence  of  a  second  minimum 
around  the  90*  dihedral  angle  and  about  1 .8  kcal  moF'  above  the  planar 
trans  conformation. 

Results  and  Discassion 

The  conformational  properties  of  the  C— N — N—C  skeleton 
do  not  change  qualitatively  with  fluorination.  In  the  parent  and 
flutninated  compounds  the  planar  trans  structure  is  predominant 
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and  higher  energy  conformers  are  observed  (CHj=N — N=CHi) 
or  predicted  (CF2— N — N—CF2).  In  the  perbrominated  deriv¬ 
ative.  however,  only  the  trans-gauche  structure  with  CNNC  = 
107.9  (S.2)°  is  observed  in  an  electron  diffraction  analysis.^^ 

The  experimental  and  calculated  geometric  parameters  of 
2.3-diaza- 1.3-butadiene  and  the  fluorinated  species  are  colleaed 
in  Table  TV.  It  is  well-known  that  bond  lengths  at  the  HF  level 
with  6-3 IG*  basis  sets  are  shorter  than  experimental  values  by 
about  0.02-0.03  A,  and  MP2  values  are  longer  by  about  0.01-0.02 
A.  HF  values  for  bond  angles  agree  with  experimental  values  to 
within  1-2®. 

IHuorination  has  only  minor  effects  on  the  skeletal  geometries. 
The  calculations  predict  slight  shortening  of  the  N — N  bond,  but 
this  difference  is  smaller  than  the  experimental  uncertainties. 
Comparison  of  the  N — N  bond  lengths  in  the  diaza  compounds 
with  those  in  hydrazines  (1.449  (2)  A  in  H2N — NH2.”  1.417  (6) 
A  in  (CHjjjN— NHj.’^  1.410  (4)  A  in  (CH3)2N— NfCHj):”) 
indicates  very  little  or  no  conjugation  in  the  C— N — N=^ 
skeleton.  This  is  also  supported  by  the  ab  initio  calculations,  where 
(p-p)ir  overlap  populations  perpendicular  to  the  molecular  plane 
of  0.008  au  in  HjC— N— N— CH2  and  -0.020  au  in  FjC-N— 
N— CF2  are  prediaed.  The  N=<;  bonds  shorten  upon  fluorination 
(0.013  (8)  A  from  experiment  and  0.018  A  from  calculations), 
and  this  observation  is  in  agreement  with  an  earlier  study  of  the 
effea  of  fluorination  in  methanimine.”  The  NNC  angles  increase 
marginally  with  fluorination.  The  effective  dihedral  angle  in 
CF2— N — N— CFy  (153  (5)®;  see  Table  I)  due  to  the  large  am¬ 
plitude  torsional  vibration  around  the  N — N  oond  is  very  similar 
to  the  corresponding  values  for  CH2”=N — N— CH-.  (160  (5)  at 
60  ®C)'’  and  CHj— C— C— CH2  (157  (2)®  at  25  ®C).' 

It  is  generally  assumed’®  that  electron  correlation  has  a  neg¬ 
ligible  effect  on  single-bond  rotational  potentials,  and  this  has  been 
demonstrated  explicitely  for  1,3-butadiene’  and  glyoxal.'®*  This, 
however,  is  not  true  for  2,3-diaza- 1.3-butadiene,  where  electron 
correlation  changes  the  shape  of  the  potential  function  qualitatively 
(Figure  3)  by  introducing  an  additional  minimum  and  lowers  the 
relative  energy  at  the  gauche  position  by  about  3  kcal  mol*'.  This 
gauche  minimum  occurs  at  a  angle  slightly  larger  (~8S®)  than 
that  obtained  from  the  electron  diffraction  experiment  (62  (20)®), 
and  the  energy  differences  are  in  good  agreement  with  each  other 
(d^Mp  *  0.8,  A£“'"  =  1.2  (5)  kcal  mol*').'’  Electron  correlation 
has  a  very  similar  effect  on  the  internal  rotation  potential  of  the 
perfluorinated  species,  resulting  in  a  shallow  gauche  minimum 
about  1 .8  kcal  mol*'  above  the  trans  conformation.  This  is  in 
reasonable  agreement  with  the  experimental  estimate  of  AG  i. 
1.8  kcal  mol*'. 

Beside  this  unexpectedly  large  effect  of  electron  correlation, 
the  internal  rotation  potentials  in  the  diaza  compounds  differ  also 
in  other  aspects  from  such  potentials  in  the  isoelectronic  analogues. 
Whereas  the  potential  curves  of  1 ,3-butadiene  and  glyoxal  have 
their  maxima  around  105  and  75®,  respectively,  and  a  low  barrier 
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(l,3-buta<liene)  or  a  minimum  (glyoxal)  at  the  cis  position,  the 
potential  functions  for  the  diaza  compounds  have  their  maxima 
at  the  cis  position.  The  barriers  to  internal  rotation  around  the 
N — N  bond  are  predicted  to  be  much  higher  (A£mp  =  14.5  and 
14.7  Real  mol*',  respectively)  than  those  around  C — C  bonds 
(A£hf  =  6.07^  and  S."”’  Real  mol"'  in  1,3-buudiene  and  its 
perfluorinated  species  or  6.80'***  and  5.23^  Real  mor‘  in  glyoxal 
or  oxalyl  fluoride).  Further  distinct  differences  between  1.3- 
butadiene  and  glyoxal  on  one  hand  and  2.3-diaza- 1.3-butadiene 
on  the  other  hand,  are  the  geometry  changes  occuring  during 
internal  rotation.  The  C — C  bond  lengths  have  their  minimum 
values  at  the  trans  configuration,  their  maximum  values  near  the 
barrier,  and  intermediate  values  at  the  cis  position.^  '®'  (The 
variations  of  the  C— C  bond  lengths  in  glyoxal  reported  in  ref  10a 
differ  from  those  reported  in  ref  10c.)  On  the  other  hand,  the 
N — N  bond  in  CHj^N — N— CHj  shortens  in  going  from  trans 
to  gauche  by  about  0.028  A  and  increases  to  a  maximum  value 
at  the  cis  position.  In  CF2=N — N—CF-  the  N — N  bond  has 


its  maximum  length  at  the  trans  configuration  and  shortens 
monotonically  in  going  to  cis.  A  strong  difference  between  the 
=C— C=  and  =N — N=  skeletons  is  also  evident  from  the 
variations  in  the  bond  angles  upon  internal  rotation;  whereas  the 
C — C=C  and  C — C=0  bond  angles  increase  only  slightly  by 
3.2  and  1.6°  between  trans  and  cis  configuration,  the  N — N=C 
angles  increase  by  10.0  and  15.5°  in  the  parent  and  fluorinated 
species.  This  strong  angle  distortion  can  be  considered  as  a 
consequence  of  the  much  smaller  value  for  the  “unstrained’' 
N — N=C  angle  in  the  trans  position  (112.3°)  relative  to  the 
corresponding  values  for  C — C=C  (124.0°)  or  C — C=0 
(121.1°). 
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Ahstncc  Competitive  reactions  of  cyanogen  fluoride  (FC^N),  perfluoromethanimine  (CF^^NF),  end  pentafluoto-2-azapropene 
(CFsN-CFj)  were  performed  by  combining  pairs  of  the  substrates  over  KF  or  CsF.  These  reactions  establish  the  order  of 
reactivity  with  fluoride  ion  as  CF2“NF  >  CF3N—CF2  »  F — C*N.  Subsequent  reactions  of  the  addition  products  with 
fluoride  ion,  CIF,  and  Br2/CsF  are  discussed.  Seven  new  compounds,  including  a  novel  diaziridine,  were  characterized  by 
IR,  NMR,  MS,  and  physical  properties. 


Fluoride-promoted  reactions  of  fluorinated  nitriles  and  imines 
have  produced  a  number  of  interesting  classes  of  compounds.^'^ 
Implicit  to  the  mechanism  of  these  reactions  is  the  presence  of 
an  intermediate  nitrogen-based  anion  that  can  be  easily  oxidized 
by  halogens  and  can  serve  as  a  reactive  nucleophile  in  some  cases. 
Perfluoromethanimine,  CF2™NF,  readily  forms  a  nucleophilic 
anion,  CFsNF^,  in  the  presence  of  KF  or  CsF.^  Different  dimers 
of  CFj— NF  are  formed,  CFjNFCF— NF  or 

CFjN— CF, 

Y 

F 


Schemel 


FCN  ,  -  F3C— N=R 


cat 

proa. 

COF2 

CsF 

CF3  N=C=0 

SF4 

CsF 

CF3  U=SFj 

SOF4 

CsF 

CFj  N=S(0)F2 

2HF 

— 

CF3  NHj 

depending  on  the  choice  of  alkali  metal  fluoride  catalyst.  The 
anion,  CFjNP,  can  also  be  oxidized  by  bromine  to  CF3NBrF.‘ 
On  the  other  hand,  trifluoroacetonitrile  is  much  less  reactive  with 
fluoride  ion.  The  resultant  anion,  CF3CF— N*,  is  unreactive  in 
a  nucleophilic  sense  but  is  easily  oxidized  by  bromine  to  the 
corresponding  iV-bromimine.^  In  order  to  study  the  competitive 
reactivity  of  some  simple  fluorinated  nitrogen  anions,  we  have 
chosen  FCN,  CF2“NF,  and  CF3N-K:F2  as  substrates  for  alkali 
metal  fluoride  promoted  reaaions. 

Although  cyanogen  fluoride  has  been  known  for  over  50  years, 
its  reaction  chemistry  has  been  limited  by  its  availability  and  its 
explosive  behavior,  especially  in  the  liquid  phase.'  Schachner 
and  Sundermeyer  have  reported  some  reactions  of  FCN  with  CsF 
as  a  catalyst.'  Scheme  I  summarizes  the  previous  work  on  FCN. 

Perfluoromethanimine  was  studied  extensively  by  Chang  and 
DesMarteau.'  '  The  intermediacy  of  a  nucleophilic  anion,  CF3- 
NF^,  has  been  inferred  in  KF-  and  CsF-promoted  reactions  of 
CF2*NF.*  The  facile  dimerization  and  other  reactions  of  pen- 
tafluoro-2-azapropene,  with  KF  and  CsF  substantiate 

intermediacy  of  the  reaaive  anion.  (CF3)2N*.'’*  However,  none 
of  the  studies  have  provided  a  basis  for  determining  the  relative 
reactivities  of  these  substrates  with  fluoride  ion.  Furthermore, 
no  estimation  of  the  relative  nucleophilicities  of  these  reaaive 
anions  has  been  obtained. 

In  this  work,  a  relative  order  of  reaaivity  of  these  substrates 
with  fluoride  ion  is  established  by  competitive  reactions.  In  ad¬ 
dition.  the  order  of  nucleophilidty  of  the  respective  nitrogen  anions 
can  be  determined  from  the  relative  produa  distribution.  The 


(1)  Bauknithi,  C.  W..  It.  Disterution,  Clenuon  Unnenity,  Clenuon,  SC, 
Aug  1987. 

(2)  Mitscb.  R.  A.;  Ogden.  P.  H.  Chem.  Commun.  1967,  S9. 

(3)  Young.  J.  A.  Fluorine  Chem.  Rec.  1967.  t.  3S9. 

(4)  Chang.  S.  C.;  DesMuuau.  D.  D.  J  Org.  Chem.  1983.  4S.  4844. 
(3)  Schachncr,  H.;  Sundermeyer.  W.  J.  Fluorine  Chem.  1981.  IS.  239. 

(6)  Chang,  S.  C.;  DesMarteau.  D.  D.  Polyhedron  1981.  /,  20. 

(7)  O'Brien,  B.  A.;  DesMarteau.  D  D.  J.  Org.  Chem.  1984,  49.  1467. 

(8)  Fawcett.  F.  S.;  Upicamb.  R.  D.  J.  Am.  Chem.  Soc.  1964.  86.  2376. 

(9)  Young.  J.  A.;  Ttoukalas.  S.  N.;  Drewlner.  R.  D.  J.  Am.  Chem.  Soc. 
19S8.  so.  3064 


competitive  reactions  produce  two  perfluorinated  A’-cyano  com¬ 
pounds.  CF3NFCN  and  (CF3)2NCN,  a  substituted  imine  addua, 
CF3NFCF“'NCF3,  and  a  symmetrical  N,N-bis(trifluoro- 
methyOdiaziridine 

CF,N— NCF, 

\  / 

CF, 

Some  derivatization  of  the  N-evano  compounds  to  NJV-di- 
chloramines.  (CF3)2NCF2NCl2  and  CF3NFCF2NCI2,  N-brom- 
imine,  (CF3)2NCF“NBr.  and  an  NJV-difluoramine,  (CF3)2N- 
CF2NF2,  was  accomplished  by  reaaions  with  CIF,  Br2/CsF,  and 
Fj/CsF. 

ExperimenUl  Section 

CeneraJ  Metboda  All  volatile  materials  were  bandied  in  either  a 
stainless  steel  (Type  304  or  316)  or  a  glass  vacuum  system  equipped  with 
stainless  steel  or  Teflon-glass  valves,  respeaively.  Pressures  were  mea¬ 
sured  with  a  Wallace  and  Tieman  Series  15()0  differential  pressure 
gauge.  Amounts  of  reactants  and  products  were  measured  by  PVT 
measurements,  assuming  ideal  gas  behavior.  Temperatures  were  mea¬ 
sured  by  a  digital  nadout  iron-consuntan  thermocouple. 

Infrared  speara  were  recorded  on  a  Perkin-Elmer  Model  1430  spec¬ 
trometer  with  a  Model  7300  dau  station,  with  a  10-cm  glass  cell  fitted 
with  KCl  windows.  "F  spectra  were  recorded  either  on  a  JEOL  FX-90Q 
or  on  an  IBM  NR200AF  with  CFCl,  as  the  reference  and  CDCI3,  ace- 
tone-d,.  or  benzene-dt  as  the  lock  solvent.  Mass  speara  were  recorded 
on  a  Hewlett-Packard  S98S-B  spearometer  at  70  eV  for  El  and  Cl 
(CH4).  Samples  were  introduced  by  direa  gas  injeaion. 

ReageaMs.  FCN  was  prepared  by  a  modification  of  the  literature 
technique.'  Cyanuric  fluoride  (made  from  cyanuric  chloride  by  the 
mahod  of  T,.  and  Coffman"*)  was  contain^  in  a  Pyrex  vessel  fitted 
with  two  Teflon-glass  valves  and  containing  1  g  of  NaF  at  0  *C.  A 
stream  of  nitrogen  was  passed  through  a  flow  system  consisting  in  se¬ 
quence  of  a  CaSO«  drying  column,  a  mass  flowmaer,  a  trimer  vessel,  a 
3  ft  X  >/,  in.  o.d.  platinum  tube  heated  in  an  electric  furnace  to  1 100  *C. 
and  a  Pyrex  trap  cooled  to  -196  “C  in  a  hood.  The  flow  rate  was 
mainuined  at  200-500  cm*  min  for  1-2  h  in  a  typical  run,  and  2-5  g  of 
(FCN)3  was  consumed.  The  products  were  separated  by  fraaionation 


(10)  Tullock,  C  W.;  Coffman.  D  D.  J.  Org  Chem.  1960.  23.  2016. 
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through  a  series  of  cold  traps  under  dynamic  vacuum.  A  -1 10  ”C  trap 
reuined  unreaaed  cyanuric  fluoride  and  cyanogen.  A  -125  "C  trap 
reuined  FCN.  and  a  -196  "C  trap  collected  CF3CN  and  CFjN“<;F2. 
Repeated  distillation  was  necessary  to  obtain  pure  FCN.  Yields  of  FCN 
were  typically  20%  while  CF3CN  and  (CNls  comprised  20-30%  of  the 
products.  The  balance  was  unreacted  cyanuric  fluoride  and  small 
amounts  of  other  unidentifled  products. 

Caution:  Cyanogen  fluoride  has  been  shown  to  polymerize  explosively 
and  must  be  handled  with  extreme  caution.  We  have  not  experienced 
any  explosive  behavior  while  handling  3-30-mmol  samples  in  glass  vac¬ 
uum  systems  at  FCN  pressures  of  less  than  1  atm. 

Fluorine  was  obuined  from  Air  Products  and  Chemicals.  Inc.,  and  was 
passed  through  a  NaF  scrubber  before  use.  CIF  was  made  by  combining 
equimolar  amounts  of  Q,  and  F2  (0.1  mol)  in  a  Monel  cylindtf  (150  mL) 
and  heating  the  cylinder  at  230  *C  for  18  h.  (Caution:  This  reaction 
proceeds  via  a  conuined  explosion,  occurring  at  ~  120  *C.)  Pure  CIF 
was  removed  as  a  gas  from  the  cylinder  at  -1 1 1  *C. 

CF^NF  and  CF3N“CF2  were  synthesized  by  literature  meth¬ 
ods."-"  KF  and  CsF  were  activated  by  fusion  in  a  platinum  crucible 
and  grinding  in  a  ball  mill  under  very  anhydrous  conditions.  Other 
reagents  were  used  as  received  or  were  purifled  by  standard  procedures. 
As  necessary,  product  samples  were  furthey  purifl^  by  GLC  with  a  10-ft 
column  packed  with  1 5-30%  halocarbon  oil  on  Chromasorb-P. 

General  Procedure  for  Competitive  Reactions.  All  competitive  reac¬ 
tions  involving  pairs  of  the  imines  or  nitriles  were  carried  out  in  two-piece 
lOO-mL  Pyrex  reaaors  fitted  with  a  Teflon-glass  valve,  joined  by  Ace- 
Thred  connectors  with  Viton  O-rings,  and  containing  a  magnetic  stirring 
bar.  In  a  typical  reaction.  1  g  of  KF  (~I7  mmol)  was  added  to  the 
reactor  in  a  drybox.  The  reaaor  was  evacuated  and  cooled  to  -196  *C 
before  the  two  reacunts  were  introduced  in  equimolar  amounts  (1-3 
mmol  each)  by  vacuum  transfer.  After  the  mixture  warmed  from  -196 
to  -^22  *C,  it  was  allowed  to  stir  for  12  h  before  the  volatiles  were 
removed  and  separated  by  trap-to-trap  distillation  and  further  purified 
by  GLC  as  needed. 

Preparation  and  Cbaractcrization  of  the  Competitive  Reaction  Prod- 
nett.  (CFslsNC^N.  On  a  3-mmol  scale  for  FCN  and  CF3N^CF2  with 
17  mmol  of  KF  as  a  catalyst.  (CFslsNCN  was  obtained  in  70%  yield. 
The  remainder  of  the  product  was  the  dimer  of  the  azapropene,  (C- 
FslsNCF^^NCFs  (26%),  which  could  be  separated  by  trap-to-trap  dis¬ 
tillation  from  the  major  product.  The  dimer  collects  at  -70  *C,  and 
(CFslsNCN  collecu  at  -1 10  ‘C.  See  ref  5  and  1 5  for  previous  spectral 
dau.  Dau:  IR  (8  Torr)  2270  (w).  1367  (vs),  1278  (vs),  1238  (vs),  1 188 
(m).  1 159  (m).  9d7  ($).  730  (m)  cm*';  '»F  NMR  (QD,)  dfCFs)  -  -58.2 
(s). 

CFsNfFlCneN.  A  60%  yield  was  obtained  for  2.3  mmol  of  CF2—NF 
and  2.4  mmol  of  FCN  over  17  mmol  of  KF  with  0.2  mmol  of  (CF3)2N- 
CN  as  the  only  side  product.  (CF3)2NCN  was  retained  in  a  -1 10  ‘C 
trap,  CFsNfFjCN  was  retained  in  a  -125  ‘C  trap,  and  some  unreacted 
CF2“NF  (0.6  mmol)  was  recovered  in  a  ~  196 ‘C  trap.  Data;  bp-18.2 
•C;  mp  <  -155  ‘C;  log  P  (Torr)  -  7.477  -  (1 171.7/7);  A/f„  -  5.36 
kcal/mol;  -  21.0  eu;  IR  (10  Torr)  2243  (w),  1389  (w),  1295  (vs), 
1246  (vs),  1089  (m).  984  (m),  788  (w).  674  (w)  cm-';  ’’F  NMR  (C,D,) 
(CFj“N(F*)CN,  AM3  spin  system)  i  -52.2  (q.  A),  -71.9  (d,  M). 

-  18.3  Hz;  MS  (Cl)  m/i  129  (MH*.  100%),  128  (M*).  109  (M  -  F)*. 
91  (MH*  -  2  F).  90  (M  -  2  F)*.  69  (CFj)*:  MS  (El)  m/z  128  (M*). 
109  (M  -  F)*.  97  (M  -  CF)*,  90  (M  -  2  F)*,  83  (CF3N)*,  69  (CFj*. 
100%). 

CF3N(F)CF”NCF3  and  CF3NCF3NCF3.  By  the  reaction  of  3.4  mmol 
of  CFsN—CFj  and  3.4  mmol  of  CFs—NF  over  17  mmol  of  KF.  the  two 
isomers  were  obuined  in  95%  overall  yield.  Fraakmal  distillation  of  the 
volatile  products  after  5-h  reaction  time  yielded  1.8  mmol  of  CF3N(F)- 

CF— NCF3  (40%)  in  the  -82  "C  trap  and  1 .3  mmol  of  CF3NCFJNCF3 
(55%)  in  the  -130  "C  trap.  The  -',96  "C  trap  conuined  0.4  mmol  of 
unidentified  products  of  'ower  molecular  weight.  (Although  repetition 
of  these  reaction  conditions  produced  comparable  overall  yields,  the 
relative  yield  of  diaziridine  increased  to  as  high  as  72%.  depending  on 
the  specific  history  of  the  KF  umple  emploved.) 

CF3N(F)CF— NCF3:  bp  3 ’..8  ‘C;  mp  <'-125  ‘C;  log  P  (Torr)  » 
8.01 1  -  (1663.0/7)  -  (iOCntlT*):  -  6.71  kcal/mol;  dS^  -  22.0 

eu;  IR  (9  Torr)  1763  (vs.  C— N).  1391  (s),  1325  (vs),  1268  (vs).  1219 
(vs).  1074  (m),  1023  (m).  1001  (s).  867  (w),  839  (m).  747  (w),  685  (m), 
655  (w)  cm";  MS  (Cl,  major)  m/r  217  (MH*),  216  (M*),  198  (MH* 

-  F).  197  (M  -  F)*,  179  (MH*-  2  F).  178  (M  -  2  F)*.  159  (M  -  3  F)*, 
129.  128,  1 14.  109,  85  (CF,CN)*.  69  (CFj)*;  MS  (El)  m/z  216  (M*). 
197  (M  -  F)*,  178  (M  -  2  F)*.  159  (M  -  3  F)*,  128  (NCFNCFj)*,  1 14 


(11)  Sekiya,  A.;  DesMarteau.  D  D.  J.  Org  Chem  1981.  46.  1277 

(12)  Klauke,  E.:  Hollschmidt.  H.;  Fendeian.  K.  Ger.  Often.  2  lOI  107, 
1972;  Chem.  Abstr.  1972,  77.  125952 
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Figure  1. 


(CFNCF,)*.  109,  69  (CFj",  100%);  '’F  NMR  (CF3“N(F*)CF’'-= 
NCF,\  AMjXjY  spin  system)  i  -35.7  (d.  q,  q.  A).  -54.8  (d,  M).  -68.0 
(d.  d.  m.  X).  -70.5  (d.  q,  m,  Y).  -fAM  =  -fxv  “  -f my  »  1 2  Hz.  /ay  “  52 
Hz.  Jm  *  ./mx  ^  2  Hz. 

CFjNCFjNCFj:  bp  -0.2  ‘C;  mp  <  -1 55  'C;  log  P  (Torr)  *  8.972  - 
(1984.0/7)  -  (87  743/r*);  A/f«p  «  6.14  kcal/mol;  AS„p  -  22.4  eu;  IR 
(2  Torr)  1443  (s).  1318  (s).  1279  (s).  1246  (vs),  1206  (vs),  1115  (w).  997 
(m),  846  (w).  680  (m)  cm"';  MS  (Cl.  major)  m/z  217  (MH*).  216 
(M)*.  198  (MH*  -  F).  197  (M  -  F)*.  167  (MH*  -  CFj),  166  (M  - 
CFj)*,  150.  147  (M  -  CFj)*.  129,  128.  114  (CjFpN)*,  109,  69  (CFj)*; 
MS  (El)  m/z  216  (M*).  128. 1 14  (CjFpN)*.  109,  69  (CFj)*;  '*F  NMR 
(A«X}  spin  systems)  6a  -65.7  (t.  CF3).  -108.6  (sept,  CFj),  »  8.1 

Hz  (see  Figure  1  for  NMR  spectra.  30  and  -50  ‘C). 

General  Procedure  for  N>N-DiHil<iniBunf  Symbesn.  The  nitriles  were 
condensed  into  a  20-mL  FEP  tube  fitted  with  a  suinless  steel  valve.  CIF 
was  added  in  slight  excess  of  a  2;  I  molar  ratio,  and  the  mixture  was 
allowed  to  warm  from  -196  to  +25  ‘C  in  a  cool  Dewar  flask.  The 
volatiles  were  transferred  to  the  glass  fractionation  train  where  excess  CIF 
was  separated  from  the  dichloramines. 

(CFjlsNCFsNOs.  An  81%  yield  was  obuined  from  1.0  mmol  of 
(CFjljNCN.  The  dichloramine  was  collected  in  a -1 10  *C  trap.  Data; 
IR(6Torr)  134)  (vs).  1276  (s).  1225  (vs),  1192  (s),  1121  (s).  993  (vs), 
971  (vs),  831  (w),  733  (m).  682  (w).  639  (w)  cm'';  MS  (Cl)  m/z 
291/289/287  (MH*),  271/269/267  (M  -  F)*,  253/251  (M  -  Cl)*, 
235/233  (MH*  -  CIF),  203  (MH*  -  NClj),  202  (M*  -  NClj,  100%). 
152  (CjFpN)*,  138/136/134  (CFjNClj)*,  1 14  (CjFpN)*;  MS  (El)  m/z 
290/288/286  (M*),  271/269/267  (M  -  F)*.  234/232  (M  -  CIF)*,  202 
(M*  -  NCI,.  100%),  138/136/134  (CFjNCl,)*,  114  (CjF.N)*,  69 
(CF3*);  '»F  NMR  (C,Dt)  ((CFj*),NCF,’‘NCl„  ApX,  spin  svstem)  6 
-54.2  (t.  A).  -78.5  (sept,  X),  -  12.7  Hz. 

CFsNfFjCFjNCIj.  A  41%  yield  was  removed  from  0.5  mmol  of 
CFsNfFlCN.  The  dichloramine  was  reuined  in  a -125  *C  trap.  DaU; 
IR  (6  Torr)  1289  (vs).  1242  (vs),  1 180  (s),  1147  (s).  1035  (m).  955  (m), 
839  (w),  780  (w),  687  (m)  cm";  MS  (Cl)  m/z  241/239/237  (MH*), 
221/219/217  (M  -  F)*,  203/201  (M*  -  Cl),  185/183  (MH*  -  CIF), 
184/182  (M  -  CIF)*,  169,  156,  154,  152  (C,F,N*),  147,  145,  138/ 
136/134  (CFjNCl,)*,  129.  120/118  (CF,NC1)*,  114  (CjF.N)*,  102 
(CFjNF)*;  MS  (El)  m/z  184/182  (M*  -  CIF),  153  (CFjNFCFjH)*, 
152  (CFjNFCFj)*,  138/136/134  (CFjNCl,)*.  120/118  (CFjNCl)*,  114 
(CjFpN)*.  101/99  (CFjNCl)*,  88/86/84  (NCI,)*.  83  (CFjN)*.  77,  69 
(CF,*.  100%).  51/49  (NCI*);  '»F  NMR  (CDCI,)  (CFj^NfF”)- 
CF,*NCI,.  A5MX,  spin  system)  6  -69.0  (d,  l.  A),  -83.3  (br  t.  q,  M), 
-91.8  (d.  q.  X).  Jam  =  13.8  Hz,  yAX  '  1 1  *  Hz.  y^x  “  17.4  Hz. 

Other  Dimvatives.  (CFj),NCF2NF,.  Into  a  20-mL  FEP  reactor  fitted 
with  a  suinless  steel  valve  was  plac^  1.0  g  (7.0  mmol)  of  CsF.  (C- 
F,),NCN  (I.O  mmol)  and  F,  (3.0  mmol)  were  condensed  into  the  rea«or 
at  -196  *C.  The  reactor  was  allowed  to  warm  to  22  *C  in  a  cool  Dewar 
over  6  h,  and  the  excess  F,  ( 1 .7  mmol)  was  removed  by  pumping  out  the 
reactor  while  it  was  cooled  to  -196  “C.  The  volatiles  were  then  separated 
through  traps  at  -110  and  -196  ‘C.  The  -110  "C  trap  reuined  a 
mixture  of  (CFj),NCN  and  (CFj),NCF,NF,  (~30%  yield).  The  -196 
*C  volatiles  conuined  a  small  amount  of  (CF]),NF  and  CF,NF,.  which 
were  identified  by  comparison  with  the  known  IR  and  ’’F  NMR  spec¬ 
tra."''*  The  contents  of  the  -1 10  “C  trap  were  not  separated  further. 
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Dau:  IR  (S  Toit,  (CF])]NCN  subatracted)  136S  (vs),  1310  (m).  1280 
(s).  1236  (vs),  1028  (m),  997  (s),  944  (m),  910  (m),  874  (w),  758  (w) 
cm-';  '*F  NMR  (C4D,)  ((CF3*')iNCFj*NFi*,  AjM^Xj  spin  svstem)  i 
17.4  (br  $.  A),  -53.7  (i,  M),  -1 15.4  (sept,  X).  “  >2.2  Hz,  <  > 

Hz.  <  1  Hz. 

(CFj)jNCF«NBr.  (CF))jNCN  (2.0  mmol)  was  condensed  into  a 
Sla»  reactor  previously  charged  with  1 .0  g  (7.0  mmol)  of  CsF.  Brj  ( 10.0 
mmol)  was  added,  and  the  mixture  was  allowed  to  sund  in  the  dark  for 
4-5  days.  The  volatiles  were  fractionated  through  a  -90  *C  trap  to 
remove  any  unreacted  (CF])}NCN.  The  contents  of  the  -90  *C  trap 
were  treated  with  5.0  mmol  of  ethylene  to  remove  excess  Brj.  Frac¬ 
tionation  through  traps  at  -50  and  -90  *C  gave  BrCHiCHjBr  and 
(CFj)iNCF""NBr  (1.8  mmol,  90%  yield),  respectively.  Dau:  IR  (12 
Torr)  1690  (C— N,  s).  1374  (vs).  1295  (s).  1274  (s).  1226  (vs).  1028  (w), 
998  (m).  703  (w).  638  (w)  cm'':  '*F  NMR  (C«D«)  ((CF,*)2NCF*— 
NBr.  AX*  spin  syswm)  i  -9.4  (sept  A),  -56.0  (d.  xi  7*x  ■  8.0  Hz;  MS 
(Cl.  major)  m/r  279/277  (MH*).  278/276  (M*).  260/258  (MH*  -  F). 
259/257  (M  -  F)*.  242/240,  197  (M  -  Br)*.  179  (MH*  -  BrR.  167 
(MH*  -  CFBr),  134  (CjF,NH)*.  127/125  (CFNBr)*,  109.  107;  MS 
(El)  m/z  278/276  (M*).  214/212  (M  -  CFjN)*.  197  (M  -  Br)*, 
190/188  (M*  -  CF*).  126/124  (CFNBr)*,  114  (CjF*N)*,  109 
(CFjNCN)*.  81/79  (Br*).  69  (CFj*). 

Results  and  Discussioa 

Gcnen!  Reactivity  of  FluoriBsled  InuiMs  sad  ABtcncs.  Reactions 
of  nucleophilic  nitrogen-centered  anions  are  important  in  the 
development  of  fluorinated  nitrogen  compounds.  Although  the 
carbanions  derived  from  fluoro  olefinic  systems  are  well  studied, 
the  nitrogen  analogues  have  received  less  attention  despite  their 
greater  reamivity.'^  The  general  trend  for  the  fluoro  olefins  is 
that  less  substituted  olefins  are  more  reactive.  Similarly,  a  parallel 
order  of  reactivity  for  these  analogous  systems  is  shown  below; 

tarminal  kninM  nlrSM  inumal  knioM 

CF,  =  NR,  >  R,C=N  >  R^F=NR, 

Miminal  alkantt  alkynas  internal  akanas 

CFi=CFR,  >  fVC  =  CR,  >  R,FC=CFRt 

Fluoride-promoted  substitution  of  terminal  fluoro  olefins  gives 
substituted  olefins  by  an  addition-elimination  sequence.'* 
Suiubly  substituted  imines  and  nitriles  react  quite  readily  in  an 
analogous  fashion  in  fluoride-promoted  reactions  at  the  imine 
carbon.  Scheme  II  illustrates  the  addition-elimination  mechanism 
in  both  systems. 

In  order  to  compare  the  reactivities  of  the  anions  generated  by 
nuoride-catalyzed  reaaions  of  FCN,  CF2“NF  and  CF3N»^F2, 

(13)  Blackley,  W.  D.;  Reinhard.  R.  R.  J.  Am  Chtm.  Soc.  1965.  «7.  802. 

(14)  Ruff.  I  K.  J  Org.  Chfm.  1967.  32.  1675 

(15)  Chambers.  R.  D  Fltuhne in  Organie  Ottminry.  John  Wilev  &  Sons: 
New  York.  1973;  p  247 

(16)  See  ref  IS,  p  104. 
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the  substrates  were  combined  in  pairs  over  an  alkali  metal  fluoride. 
The  relevant  anions  in  this  studv  were  therefore  CF-=N-, 
CFjN(F)-.  and  (CFjjjN-. 

The  course  of  these  reactions  depends  on  the  relative  rates  of 
alkali  metal  fluoride  attack  on  the  imines  and  nitrile  and  the 
relative  rates  of  nucleophilic  substitution  of  the  anion(s)  formed 
with  the  imine  and/or  nitrile  remaining  in  the  gas  phase.  A 
comprehensive  set  of  possible  substitution  reactions  is  diagrammed 
in  Scheme  Ill  for  the  first  competitive  reaction  between  FCN  and 
CFjN— CFj. 

Reactions  1  and  2  reflea  the  relative  reactivities  of  the  sub¬ 
strates  with  fluoride  ion  while  reactions  3-6  relate  anion  nu- 
cleophilicities  toward  the  two  free  substrates.  Since  product 
derived  from  path  6  was  not  observed,  the  contribution  to  the  yield 
of  (CFsljNCN  by  path  5  is  probably  minor  as  both  paths  are 
dependent  upon  the  competitive  rate  of  the  preceding  path  2.  The 
major  products  arise  from  paths  3  and  4,  which  correspond  in  yield 
to  70%  and  26%  of  the  CF3N«^F2  initially  introduced.  This 
suggests  that  (CF3)2N-  shows  an  ~5:1  preference  for  FCN  over 
iu  parent  imine,  CF3N— CF,.  Isolation  of  (CFsljNCN  and 
(CF3)3NCF“ NCF3  as  the  major  products  establishes  the  superior 
anion  formation  from  CF3N*w=CF2  over  FCN. 

The  reaaion  of  FCN  with  itself  over  KF  or  CsF  has  not  been 
reported  although  fluoride-promoted  addition  reaaions  have  been 
investigated.’  When  FCN  was  allowed  to  stand  over  excess  KF 
for  2  h.  the  only  isolated  product  was  (CF3)2NC=N  (approxi¬ 
mately  80%  of  Huorine  recovered  in  the  prcduct).  Sundermeyer 
and  Schachner  found  this  compound  as  one  of  a  number  of 
products  of  the  reaction  of  FCN  with  COF2  over  CsF.’  Cameron 
and  Tattershall  isolated  (CF3)2NCN  as  the  major  produa  of  the 
reaction  of  cyanogen  chloride  with  KF”  Minor  products  included 
CF3N—CF2  and  CF3N"<;Cl2.  We  have  not  isolated  CF3N= 
CF2.  presumably  an  intermediate  in  the  conversion  to  (CF3)2NCN, 
from  our  reaaion  mixture.  The  increased  carbon  to  nitrogen  ratio 
from  the  reactant,  FCN  (1:1),  to  the  product,  {CF3)2NCN  (3:2), 
was  noted  with  interest  by  the  Tattershall  group.’’  We  have  no 
further  mechanistic  explanation  for  this  conversion. 

In  the  second  competitive  reaaion.  a  related  set  of  basic  re¬ 
actions  must  be  compared  with  the  observed  produas.  Scheme 
IV'  depicts  the  possibilities  for  the  reaaion  of  FCN  and  CF2=”NF 
over  KF.  Since  little  (CF3)2NCN  is  formed  and  no  evidence  for 

(17)  Cameron.  J.  D.;  Tattershall.  B.  W.  Angew  Chem..  Ini.  Ed.  Engl 
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path  10  is  observed,  reaction  7  producing  CFjNP  clearly  pre¬ 
dominates  over  reaction  2  producing  CF^—N'.  The  formation 
of  CFsN(F)CN  demonstrates  that  the  anion  CFpNP  is  formed 
quickly  over  KF  and  reacts  selectively  with  FCN  rather  than 
CFj“NF.  Although  one  could  argue  that  little  free  CFj“"NF 
is  available  for  stuck  by  CFjNP,  the  reaction  of  CFj— NF  with 
KF  in  the  absence  of  FCN  produced  a  high  yield  of  CFjNFC- 
F">NF.*  Path  9  deFines  this  dimerization  path.  In  this  reaction, 
selective  anion  formation  (7  >  2]  and  selective  nucleophilic  dis¬ 
placement  (8  >  9]  generate  one  product,  CFjN(F)CN,  in  rea¬ 
sonably  high  yield. 

An  overview  of  the  third  competitive  reaction  between  CF;— NF 
and  CFjN— CFj  over  KF  is  diagrammed  in  Scheme  V.  The 
observed  products  indicate  that  reaaion  7  predominates  over 
reaction  I  in  the  production  of  the  superior  nucleophile,  CF3NP. 
This  nucleophile  reacts  selectively  with  CF3N— CFj  rather  than 
CF3—NF.  The  major  products  isolated  from  the  reaction  are 

CFjN(F)CF— NCFj  and  the  diaziridine  CFjNCFjNCFj. 

The  diaziridine  forms  as  a  result  of  fluoride  atuck  on  the 
initially  formed  adduct  and  subsequent  intramolecular  displace¬ 
ment  of  fluoride  from  nitrogen  as  shown  in  Scheme  VI.  This 
rearrangement  is  analogous  to  those  in  related  systems.^-'*'^  as 
shown  previously  for  the  conversion  of  CF3N(F)CF"“NF  to 


CF3NCF2NF.*  Brief  exposure  of  the  mixture  of  isomeric  co¬ 
dimers  to  CsF  converted  all  of  the  linear  adduct  to  the  diaziridine 
and  provided  a  pure  sample  of  diaziridine. 

The  struaure  of  l,2-bis(trifluoromethyi)-3,3-difluorodiaziridine 
is  of  interest  because  of  its  inherent  symmetry.  Diaziridines  are 


CF, 


n-I-n 


known  to  favor  a  trans  orienution  of  the  nitrogen  substituents 
in  order  to  reduce  repulsion  of  the  two  lone  pairs.’’  A  cis  ori¬ 


entation  of  the  substituents  would  render  the  methylene  fluorines 
on  the  ring  carbon  nonequivalent.  In  this  event,  a  large  coupling 
between  these  fluorines  should  be  observable  in  the  ”F  NMR 
spectrum.  The  ”F  NMR  spectrum  at  20  ®C  shows  two  signals 
coupled  by  8.1  Hz.  The  two  CF3  groups  appear  as  a  triplet  and 
the  CF;  fluorines  as  a  septet.  This  simple,  first-order  spectrum 
supports  the  trans-substituted  diaziridine  structure. 

This  structure  of  C;  symmetry  can  be  observed  to  be  one  of 
a  pair  of  enantiomers  when  fixed  in  a  rigid  configuration.  We 
have  no  reason  to  believe  that  we  have  enriched  one  enantiomer 
in  this  reaction  because  the  reactants.  CF;— NF  and  CF3N— CF;, 
are  achiral  with  no  chiral  component  in  the  reaction  medium. 
Thus,  as  long  as  the  diaziridine  is  locked  in  configuration,  a 
racemic  mixture  is  present. 

Because  of  the  strongly  elearonegative  CF3  substituenu  on  the 
ring,  nitrogen  inversion  barriers  should  be  unusually  high  for 
several  reasons.”  In  the  first  place,  nitrogen  in  a  three-membered 
ring  shows  hindered  inversion  relative  to  an  acyclic  nitrogen. 
Furthermore,  inclusion  of  a  second  heteroatom,  nitrogen  or  oth¬ 
erwise,  into  a  three-membered  aza  ring  further  elevates  the  barrier 
of  inversion  for  nitrogen.  The  gem-fluorines  on  the  ring  carbon 
of  the  diaziridine  comprise  an  electron^tive  substituent  for  both 
nitrogens,  which  hinders  inversion  rates  both  in  cyclic  and  acyclic 
amines.”-” 

A  variable-temperature  NMR  experiment  was  performed  in 
order  to  determine  the  effea  of  temperature  on  the  barriers  to 
inversion  of  the  nitrogens  in  the  diaziridine.  Although  the  30 
spectrum  had  revealed  fairly  sharp  resolution  for  the  triplet-septet 
pattern,  the  spearum  sharpened  further  at  -SO  ‘C  but  retained 
the  same  peak  shapes.  See  Figure  1.  No  further  change  was 
observed  at  temperatures  as  low  as  -80  ®C. 

Higher  temperatures  were  explored  to  test  the  barrier  of  in¬ 
version  since  the  low-temperature  results  strongly  suggested  a  ring 
system  locked  belows  its  Tf  The  NMR  of  the  diaziridine  as  a 
neat  gas  was  run  at  30  and  100  *C  in  a  sealed  NMR  tube  with 
no  internal  reference.  The  signals  appeared  in  the  same  relative 
position  in  each  spearum,  but  resolution  was  diminished  so  that 
precise  couplings  were  not  attainable. 

The  diaziridine  shows  unexpectedly  high  thermal  stability  for 
a  strained,  elearonegatively  substituted  ring  system.  At  low 
pressure  in  the  gas  phase,  a  sample  was  heated  to  320  "C  before 
decomposition  was  observed  by  formation  of  a  film  within  the 
Pyrex  reaaor  and  disappearance  of  the  charaaeristic  IR  spearum 
of  the  diaziridine.  The  mixture  of  volatile  products  was  not 
identified. 

Heating  to  100  "C  with  AICI3  for  8  h  produced  no  change  in 
the  IR  spearum  of  the  diaziridine,  and  no  reaaion  was  observed 
between  the  diaziridine  and  100%  sulfuric  acid. 

Derivatives  of  the  Competitive  Reaction  Products.  Most  perhaio 
nitriles  can  be  treated  with  chlorine  monofluoride  to  yield  A’JV- 
dichloramines.”-”  The  addition  docs  not  stop  at  the  N-chlorimine 
stage  presumably  because  the  rate  of  addition  of  CIF  is  faster  for 
the  intermediate  N-chlorimine  than  for  the  nitrile.  Thus,  by  a 
2-rold  addition  were  the  two  nitriles  derivatized  to  NJV^-dichlor- 
amines,  as  shown  below; 

(CFj);NCN  (CF3);NCF;NCl2 

CFjNfFjCN  CFjNfFjCFjNCl; 

The  two  A',A'-dichloramincs  are  not  sensitive  to  sunlight. 
Reaction  of  {CF3);NCF;NCl2  with  CsF  and  Br;  did  not  produa 
an  N-bromo  compound  as  was  observed  earlier  in  the  conversion 
of  CFjNClj  to  CF3NBrCl  and  CFjNBrj.” 

The  reaction  of  perhaio  nitriles  with  CsF  and  Br;  is  a  dem¬ 
onstrated  method  for  synthesizing  N-bromimines.’  The  reaaion 
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of  (CF3)jNC*N  with  CsF  and  Brj  provides  (CF3)jNCF*-*NBr. 
Further  oxidation  of  Af'bromimines  to  the  Af  JV-dibromamines  has 
been  reported  for  some  substituted  nitriles, but  (CF3)2NC- 
F^NBr  was  not  oxidized  further.  The  steric  influence  of  the 
(CF3)3N  group  may  prevent  the  atuck  of  the  fluoride  base  on 
the  imine  carbon.  Exhaustive  addition  of  fluorine  to  (CF3)]N- 
OaiN  was  accomplished  by  reaction  with  CsF  and  Fj,  but  only 
in  conjunction  with  a  side  reaction  that  severed  the  N-^N  bond. 
The  observed  product  mixture  for  this  reaction  is  shown  below; 

(CF3)3NCN  (CFjjjNCFjNFj  +  (CFj)jNF  +  CFjNFj 

Dccompoaitioa  of  CF3N(F)CN  over  CsF.  The  CsF-promoted 
isomerization  of  difluorocyanamide,  F2NCbN,  led  to  the  dia* 

ziridine,  CF3N“vN.'*'“  Scheme  VII  illustrates  the  proposed 
mechanism,  which  invokes  fluoride  atuck  on  the  nitrile  carbon 
to  produce  a  nitr^en  anion.  This  anion  undergoes  an  intramo¬ 
lecular  nucleophilic  atuck  on  the  NFj  group  to  yield  a  2-diazirine 
that  rearranges  to  the  more  suble  1-diazirine  by  successive  gain 
and  loss  of  a  fluoride  ion. 

The  reaction  of  CF3N(F)C*N  with  CsF  bears  a  similarity  to 
that  of  NFjO*N.  The  anticipated  pathways  in  this  reaaion  are 
shown  in  Scheme  VIII.  Attempts  to  pump  off  the  intermediate 
diazirine  were  unsuccessful.  Among  the  volatile  products  of  the 
reaction  were  CF3N"^F2,  nitrogen,  and  A'-fluorodiaziridine 
(CF2~NF  dimer).  The  remaining  cesium  salts  displayed  a  bright 
yellow  color,  which  indicated  that  some  material  remained  behind 
as  salts  or  oligomeric  byproducts.  The  reactive  intermediate 
diazirine  shown  in  Scheme  VIII  may  absorb  fluoride  ion  to  produce 
a  diaziridine  anion.  Our  failure  to  isolate  the  intermediate  dia¬ 
zirine  speaks  for  the  apptrent  insubility  of  the  diaziridine  anion. 

A  related  azirine,  CF3CF — CF™N,  was  reported  by  Krespan  to 
polymerize  in  the  presence  of  fluoride  ion.^  Ths  azirine  is 
unsuble  but  decomposes  without  loss  of  nitrogen.  The  mechanism 
of  the  decomposition  of  CFsNfFlCN  is  clearly  not  a  simple, 
uniform  process.  Several  pathways  may  lead  to  the  consumption 
of  the  fV-cyanoamine,  not  dl  of  which  involve  the  diaziridine  anion 
as  the  Final  intermediate. 

CoapctitiTC  Rcactioas  of  Nitrogen-Based  Anions.  Several 
considerations  are  significant  in  determining  the  usefulness  of 
fluoride-promoted  competitive  reanions  of  nitre^en-based  anion. 
One  imporunt  limiution  is  the  favored  dimerization  of  fluorinated 
terminal  imines.  CF2“NF  and  CF3N— CF2  represent  not  only 
two  of  the  most  desirable  anion  sources  but  also  two  of  the  most 
easily  dimerized  imines.  In  order  to  gain  advantage  from  com¬ 
petitive  reactions,  atuck  by  the  desired  nitrogen  anion  on  the 
coreacunt  imine  must  predominate  over  the  pathways  leading 
to  dimerization  and  side  producu. 

For  general  use  with  difluoromethylenimino  systems,  the  nu¬ 
cleophilic  atuck  of  a  nitrogen  anion  on  the  imine  carbon  is  the 
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critical  step.  Unfortunately,  a  competitive  side  reaction  for  many 
terminal  imines  is  conversion  to  a  much  less  reactive  internal 
aimine  by  successive  gain  and  loss  of  fluoride  ion.  In  fact,  only 
terminal  imines  lacking  a  fluorine  on  the  a-carbon  are  completely 
exempt  from  this  limiution.  The  sole  exception  is  CF3N»=CF2, 
which  undergoes  a  degenerate  fluoride  ion  isomerization,  thereby 
mainuining  its  integrity  as  a  terminal  imine.  This  unique  isom¬ 
erization  is  illustrated  below: 

CFj— NCFj  =  (CF3)2N-  ==  CF3N=CF2 

As  has  been  found  in  this  study,  the  observed  order  of  anion 
reactivity  for  these  three  substrates  is 

CFjNP  >  (CF3)jN-  »  CFj— N- 

The  nucleophilic  anions.  CF3NF^  and  (CF3)2N''.  display  differing 
seleaivities  in  atucking  neutral  substrates.  While  CF3NP  atucks 
FCN  or  CF3N—CF2  preferentially  over  CF2“NF,  (CF3)2N‘ 
selects  FCN  over  its  parent  imine,  CF3N—CF2.  in  a  ~5:1  ratio. 
These  results  are  consistent  with  previous  studies  of  CF3NP  with 
acyl  fluorides'  and  studies  of  SF5NF'  with  acyl  fluorides  and 
CF2=“NF.  in  which  SFjNP  was  even  more  reactive  than 
CF,NP.“ 

An  imine  candidate  for  fluoride-promoted  competitive  reaaions 
must  possess  reaaive  acyl-type  fluorines  that  can  be  displaced 
by  an  active  nucleophile.  Terminal  imines  are  sufficiently  reaaive 
with  nucleophiles,  as  long  as  they  are  not  readily  rearranged  by 
fluoride.  For  a  viable  terminal  imine  system,  CF2“N“Rf,  the 
expeaed  reactions  with  each  of  the  substrates  of  this  study  are 
shown  below. 

CF3NP  -I-  CF;— NR.  CF3NFCF=NR, 

(CF3)2N-  +  CF2=NR,  (CFjljNCF—NR, 

CFjN-R,  +  FCN  R.N(CF3)CN 

The  two  reaaions  with  CF2=“NF  and  CF3N“CF2  involve  simple 
displacements  of  fluoride  from  the  terminus  of  the  less  reactive 
imine  by  the  strong  nucleophiles  CF3NP  and  (CF3)2N'.  In  the 
third  example,  the  anion  generated  by  the  competing  imine  should 
serve  as  a  nucleophile  in  displacing  fluoride  ion  from  FCN. 

Reactions  of  competing  imines  can  be  utilized  for  intermolecular 
additions  if  the  nitrogen  anion  of  the  one  component  is  nucleophilic 
enough  to  displace  fluoride  from  the  other  substrate.  The  co- 
reactant  must  contain  an  electrophilic  center  that  will  not  undergo 
a  facile  fluoride  1,3-shift  under  the  reaction  conditions.  The 
nucleophiles  that  have  demonstrated  their  efficiency  in  this  mode 
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of  reaction  are  CFjNP  and  (CF3);N'.  CF;=N"  is  consistently 
defeated  as  a  nucleophile,  but  FCN  can  be  used  as  an  electrophilic 
substrate  with  a  suitably  nucleophilic  anion.  The  list  of  imines 
that  have  been  successfully  attacked  bv  CF3NP  includes  the 
CFy-NX  series  (X  =  F,  Cl,  Br)^  “  =^  and  CFjN-CFj,  but  other 
qualified  substrate  imines  should  behave  similarly. 

Alkali  metal  fluoride  promoted  reactions  of  the  other  N- 
halodifluoromethyienimines.  CFj^NX  (X  =  Cl,  Br).  offer  little 
evidence  of  nucleophilic  anions  like  CF3NP.  Neither  the  CFsNCr 
anion  near  the  CF3NBr'  anion,  both  far  less  stable  over  the  metal 
fluoride  surface,  have  reacted  nuclei .  hilically  with  any  of  the 
substrates  that  we  have  examined. 

In  summary,  the  competitive  reactions  of  the  pcrfluorinated 
imines.  CFj— NF  and  CF3N>=<;F2,  and  FCN  in  the  presence  of 


(29)  Btuknighi,  C.  W..  Jr.;  DesMarteau.  0.  0.  /  Org  Ckem.  19M.  S3. 

4443 


KF  and  CsF  gencraie  new  compounds  that  include  fluorinaied 
iV-cyano  compounds  and  a  stable  symmetric  diaziridine.  These 
reactions  establish  a  relative  order  of  reactivity  for  these  substrates 
with  alkali  metal  fluoride  and  the  corresponding  order  of  nu- 
cicophilicity  for  the  related  anions.  Some  derivatives  of  the 
A-cyano  compounds,  including  two  A'.A'-dichloramines  and  an 
Af-bromiminc.  have  been  synthesized. 
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CESIUM  FLUQRIDE-ASSISTED  REACTIONS  OF  SYN  AND  ANTI 

N-FLUCRO-l-CYANO-l-FLUOROMETHANIMINE 

WITH  CHLORPflLANP  BROMINE  Til 


QUI-CHI  MIR  and  DARRYL  D.  DESMARTEAU 


Howard  L.  Hunter  Chemistry  Laboratory,  Cleznson  University, 
Clemson,  SC  39634>1905  (U.S.A.) 


SUMMARY 

The  CsF-assisted  reactions  of  syn  and  anti-  NCCFsNF  with  CI2  and 
Br2  and  the  \incatalyzed  addition  of  CIF  are  described.  Chlorine  reacts  only 
with  the  imine  function,  whereas  Br2  reacts  with  both  carbon-nitrogen 
mvdtiple  bonds.  The  more  reactive  5301  isomer  is  isomerized  to  the  anti¬ 
isomer  under  the  reaction  conditions.  Six  new  compounds  are  reported 
and  their  structures  assigned  by  ^^F  NMR  and  infrared  spectroscopy: 
CI2NCF2CF2NCIF  I.  NCCF2NCIF  II,  NCCF2NFBr  III,  syn  - 
BrNsCFCF=NF  IV,  syn  -  Br.N=CFCF2  NBrF  V,  and  syn  -  BrN=CFCF2NClF 
VI. 

INTRODUCTION 

The  synthesis  and  reactivity  of  fluorinated  imines  and  nitriles  have 
been  of  renewed  interest  in  the  last  ten  years,  especially  concerning  their 
oxidations  with  halogen  fluorides  and  related  compounds  to  novel  N- 
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halogen  derivatives  [2]  and  with  peroxides  to  oxaziridines  [3].  More 
recently,  the  fluoride-assisted  bromination  and  chlorination  of  nitriles  and 
imines  has  provided  routes  to  a  variety  of  new  N-halogen  compounds  [4-6] 
and  the  discovery  of  the  metal  fluoride-promoted  conversion  of  N-Cl  bonds  to 
N-Br  bonds  further  expanded  the  variety  of  N-halogen  species  obtainable 
[7,8].  Methods  are  now  available  for  the  facile  synthesis  of  R/CFsNX  and 
R/NXX'  (X,X=:F,Cl,Br). 

As  an  extension  of  this  work,  we  wanted  to  investigate  the  reactivity 
of  a  compound  containing  both  a  C-N  double  and  a  triple  bond.  The 
candidate  selected  was  N*CCF=NF  [9],  readily  available  from  CF2=NF  [10] 
as  a  mixture  of  syn  and  anti  isomers.  The  reactions  with  CI2  and  Br2  in  the 
presence  of  CsF  and  with  GIF  are  described. 


EXPERIMENTAL  SECTION 

General  Methods.  Volatile  compounds  were  handled  in  a  Pyrex  or 
stainless  steel  (304  and  316)  vacuum  system  equipped  with  a  Wallace  and 
Tieman  Series  1500  differential  pressure  gauge.  Gaseous  materials  were 
measured  with  the  assximption  of  the  ideal  gas  law.  Nonvolatile  materials 
were  weighed.  ^^F  NMR  spectra  were  obtained  on  a  JEOL  FX-90Q 
spectrometer  operating  at  84.3  MHz.  All  chemical  shifts  are  reported 
relative  to  internal  CCI3F.  The  usual  solvent  was  -80  mole  %  CCI4  and  -20 
mole  %  CDCI3.  Infrared  spectra  were  recorded  on  a  Perkin-Elmer  1430 
spectrometer  connected  to  a  3600  data  station.  A  10-cm  glass  cell  fitted  with 
KCl  windows  was  employed.  Mass  spectra  were  taken  on  a  HP  5985-B 
GC/MS  instrument  at  15  eV  for  El  and  50  eV  for  Cl  (CH4).  Samples  were 
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introduced  by  direct  gas  injection.  M.  p.  were  taken  tising  a  modified  Stock 
prjcedure. 

Reagents.  The  chemicals  Br2,  CI2,  CsF,  and  KCN  were  obtained  from 
commercial  sources.  The  compounds  CF2sNF  [10],  HCN  [11],  and 
NCCF=NF  [9,12]  were  prepared  by  literature  methods.  Chlorine 
monofiuoride  was  prepared  by  reaction  of  equimolar  amounts  of  CI2  and  F2 
in  a  Monel  bomb  at  250°C. 

Reactions.  Compoiinds  II>VI  were  prepared  in  100-ml  glass  biilbs  fitted 
with  a  glass-Teflon  valve.  Cesitim  fiuoride  which  had  been  fused  and 
grovmd  to  a  fine  powder  in  a  dry  box  was  added  to  the  reactor  in  the  dry  box. 
The  reactor  was  then  evacuated,  cooled  to  -196°C,  and  the  gaseous  reactants 
were  added  by  vacuum  transfer.  The  reactor  was  then  allowed  to  warm  up 
to  an  appropriate  temperature  for  an  appropriate  time  (Table  I).  After  the 
reaction,  any  non-condensible  gases  were  removed  by  vacuum  after  cooling 
the  reactor  to  -ISd^C,  and  the  remaining  volatile  materials  were  separated 
by  fractional  condensation  through  a  series  of  cold  traps.  Compound  I  was 
prepared  in  a  30-ml  Hoke  stainless  steel  vessel  equipped  with  a  stainless 
steel  valve.  A  stainless  steel  vacuum  line  was  used  for  transferring  the 
reactants  CIF  and  NCCF=NF  in  a  mole  ratio  of  3:1.  The  reactor  was 
allowed  to  warm  gradually  from  -196**C  to  -SOX  over  a  2  hour  period.  The 
products  of  the  reaction  were  separated  by  fractional  condensation  giving 
-58%  compound  I  [13]  and  -40%  compound  II.  The  reactions  are 
summarized  in  Table  I  and  the  characterization  of  the  new  compounds  is 
given  below. 


Cl2NCFA’FB'CFAFBNClFX  (I);  NMR  (second-order  A'B’AB-  type).  5  -106.8 
(m,A),  -98.6  (m,B),  -97.7  (m,A'),  -92.6  (m,B'),  -5.2  (br  s,  X);  Jab=195.3, 


370 


Ja-B‘»180.6,  Jbx=34.2,  Jax=2.3,  Jb'X=14.6.  Ja’X=0  Hz;  IR  1293  (m),  1219 
(vs),  1202  (vs),  1149  (vs),  1138  (vs),  1052  (s),  1025  (s),  927  (m),  889  (m),  786  (m), 
740  (s)  cm-l;  MS  (El),  major  m/z  252/254/256/258  (M+),  184/186/188 
(a2NCF2CF2-*-),  130/132  (CFCFNFC1+),  99/101  (CF2NCa+),  49/51  (NC1+). 

NCCF'^F®NC1F^  (11);  NMR  (second-order  ABX-type)  5  -86.5  (mA).  -82.9 
(mJB),  0.99  (br  6,X);  Jab=220,  Jax=14.7,  Jbx=29.3H2;  IR  2264  (m),  1219  (vs), 
1212  (vs)  1189  (s),  1184  (s),  1118  (s),  922  (m),  838  (m),  832  (m),  735  (w),  690  (w) 
cm-i.  MS  'CD,  major  m/z  145/147  (MH+),  125/127  (NCCF2NCI*)  118/120 
(CF2NFa-*-),  107/109  (MH*-2F),  91  (MH+-FC1),  76  (NCCF2+);  M.p  <  -110“C. 

NCCF^F®NBrFX  (in);  NMR  (second-order  ABX-type)  5  -84.4  (m^A).  -81.2 
(m3),  -10.5  (br  s,X);  Jab=223,  Jax=24.4,  Jbx=36.6  Hz;  IR  2261  (m),  1215  (s), 
1202  (vs),  1177  (m),  1107  (s),  967  (w).  919  (m),  809  (w),  680  (w)  cm-1.  MS  (El), 
m^or  m/z  188/190  (M+),  124/126  (FCNBr+),  105/107  (NCBr+),  90  (NCCFNF+) 
76  (NCCF2+). 

BrN-CFMCFA-NF*  (IV);  NMR  (AMX-type)  5  -23.9  (d,d,M),  -75.9  (d,d,A)  - 
14.6  (br  d,  X);  Jmx=5.2,  Jma=17.4,  Jax=39.6  Hz;  IR  1664  (s),  1367  (m),  1240 
(w),  1211  (m),  1161  (s),  979  (s),  758  (m),  735  (w),  662  (m)  crn'i.  MS  (El),  major 
m/z  188/190  (M*),  174/176  (M-N+),  169/171  (M-F+),  109  (M-Br*-). 

BrN-CFMCFAFBNBrF*  (V);  NMR  (ABMX-type)  6  -96.7  (m,A),  -94.1  (m,B),  - 
20.4  (d,t,M)  -16.2  (br  s,  X);  Jab=I90.5,  Jax*19-5,  Jbx=39-1,  Jbm=12.2, 
Jam=Jmx»6.1  Hz;  IR  1690  (s),  1306  (s),  1216  (s),  1146  (s),  1080  (s),  916  (m),  742 
(m),  674  (w),  658  (w),  637  (w)  cm*!;  MS  (Cl)  m^or  m/z  287/289/291  (MH""), 
267/269/271  (M-F-*-),  189/191  (MH-^-BrF),  174/176  (BrNCFCF2*),  169/171 
(BrNCFCFN+),  124/126  (BrNCF*),  109  (NCCF2NF+),  93/95  (BrN+);  M.p  -18»C. 

BrN*CF**CFAF®NClF*  (VI);  NMR  of  a  mixture  of  V  and  VI  gives  discrete 
peaks  for  FA,  F®,  and  F*  due  to  compound  VI.  The  F**  in  compound  (V) 
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has  5  at  -20.1  ppm  which  overlaps  with  the  pM  in  (VI)  (5  =  -20.4  ppm)  giving 
rise  to  an  octet  pattern  with  intensity  ratios  1;2;2;3;3:2;2;1,  with  Jmx  =  Jma  = 
1/2  Jmb  =  6.1  Hz.  Other  resonances  for  (VI)  occur  at  5  -100.7  (m,A),  -96.8 
(m3)>  -6.1  (hr  s,  X);  Jab  =  188.3,  Jax  =  15.3,  Jbx  =  26.9  Hz.  The  intensity  of 
the  NMR  signals  indicate  the  ratio  of  compounds  (VI)  to  (V)  is 
approximately  1.  IR  of  the  mixtxire  is  essentially  the  same  as  (V).  MS  (Cl) 
gives  a  base  peak  corresponding  to  molecular  ions  of  (VI)  m/z  243/245/247 
(MH-^),  174/176  (BrNCFCFa)^,  130/132  (FCCF2NC1)+,  124/126  (NBrCF)+. 


RESULTS  AND  DISCUSSION 

Previously,  NCCF=NF  was  shown  to  undergo  facile  nucleophilic 
substitution  of  the  methylene  fluorine  [9].  As  expected,  we  found  no 
reactivity  of  the  compound  with  the  weak  electrophiles  Br2  and  CI2  alone. 
This  is  consistent  with  previous  work  where  CF2«NX,  R/CF*NX  (X=F,  Cl, 
Br)  and  R/CN  were  essentially  inert  to  CI2  and  Br2  [4-8,14].  In  contrast, 
and  as  expected,  NCCF=NF  reacts  readily  with  the  more  electrophilic 
halogen  source  CIF  as  shown  (see  Table  1). 


NCCF=NF 


CljNCFgCFjNFCl 


I  +  NCCFjjNClF  II 


A  large  number  of  reactions  of  GIF  with  a  variety  of  >C=N-  and  -CsN 
compounds,  as  well  as  a  number  of  examples  with  strong  halogen 
electrophiles  such  as  FSO2OX  (XsCl,  Br),  have  shown  this  to  be  a  general 
high-yield  reaction  [2,4,15].  In  this  case,  with  CIF,  there  is  an  apparent 
differentiation  in  reactivity  of  the  C=N  versus  the  CaN  bond.  This  is 
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For  the  first  step  in  the  oxidation  of  the  nitrile,  a  similar  sequence  can  be 
proposed,  i.e. 


R^N 


■t-F 


CsF 


R^F=N' 


RyCF=; 


=NX  +  X 


However,  it  is  difBcult  to  reconcile  the  apparent  difference  in  reactivity  of 
Br2  -vs*  CI2  for  NCCF=NF  if  this  is  the  only  consideration. 


For  Br2,  the  results  in  Table  1  do  not  give  a  dear  differentiation  in  the 
relative  reactivity  of  the  double  and  triple  bonds,  but  the  imine  fimction 
appears  to  be  more  reactive.  Whereas  certain  nitriles  are  oxidized  to  the 
N,N-  dibromo  derivative  [6,8].  these  reactions  are  usually  slow  at  22°C  [5] 
and  thus  no  •NBr2  products  are  observed  under  the  conditions  employed  in 
this  work.  The  formation  of  V  in  the  reaction  of  II  with  Br2  is  dearly  due  to 
the  fluoride-promoted  conversion  of  an  N-Cl  bond  to  an  N-Br  bond  as  has 
been  previously  observed  for  NCI2  spedes  [7,8]. 


The  structural  characterization  of  compounds  I  -  VI  is 
straightforward  from  the  data  given  in  the  experimental  section.  Intense 
parent  ions  could  be  observed  for  each  compoimd  in  the  El  or  Cl  mass 
spectrum  with  the  expected  isotopic  ratios  for  chlorine  and  bromine.  The 
infrared  spectra  show  characteristic  v  (CkN)  for  n  and  III  at  -2260  cm'^ 
and  u  (C»N)  for  IV  -  VI  at  1660  - 1690  cm'l.  Strong  v  (C-F)  bands  are  seen  in 
each  compound  in  the  1100  -  1300  cm*^  region  and  bands  for  u  (N  -  X)  are 
apparent  for  N-F  (1000  -  900  cm*l)  and  N-Cl  and  N-Br  (800  -  650  cm*l)  but 
these  fiequendes  cannot  be  readily  assigned  with  the  available  data  [8]. 
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The  NMR  provides  convincing  proof  of  structure  for  each 
compound.  Compoimds  I  •  III  exhibit  characteristic  ABX  patterns  for  the 
A  -CF^F®NXFX  moiety  as  foiind  for  many  related  molecules,  with  Jab  c:  200 
Hz  [19].  Interestingly,  the  fluorines  of  the  CI2NCFAF®'  -  group  in  I  are 
also  diastereotopic  due  to  the  more  distant  chiral  -NCIF  group,  but  there  is 
essentially  no  coupling  between  A'B'  and  AB  fluorines.  Compound  IV 
exhibits  an  AMX  spin  system  where  it  can  be  argued  that  the  configuration 
is  cis-cis.  Jax  is  ^9  Hz  and  F^  must  therefore  be  cis  to  X*. 
Similarly,  the  chemical  shift  of  F^  at  S  -24  indicates  M  is  cis  to  Br**. 

Finally,  for  V  and  VI  an  ABMX  spin  system  is  observed  with  a  large 
Jab  value  similar  to  I  -  HI  and  a  8  F^  =  -20,  indicating  M  is  cis  to  Br. 

CONCLUSION 

Reactions  of  NCCF=NF  with  CIF,  CI2/CSF  and  Br2/CsF  demonstrate 
that  the  imine  double  bond  is  mere  reactive  than  the  nitrile  triple  bond, 
allowing  selective  halogenation  to  NCCF2NXF  under  mild  reaction 
conditions.  Both  functions  can  be  halogenated  with  CIF  and  Br2/CsF  with 


•In 

F* 

^  •  Jax  =  22.1  and  Jbx  =  184  Hz.  See  references  9  and  12  and 

references  therein. 

••In 

^  Br 

''  t  8a  =  '31.3  and  5b  =  -54.3  and  in  a  variety  of 


Br 


therein. 


5(F)  ~  *20.  See  references  5,  6  and  13  and  references 
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CIF  converting  the  nitrile  function  to  the  N,N-dichloroanune  and  Br2/CsF 
only  to  the  N-bromoimine,  whereas  CI2/CSF  was  unreactive  under  all 
conditions  tried  with  the  idtrile  function.  Methods  are  now  available  for 
synthesis  of  a  remarkable  number  of  the  possible  halogenated  derivatives  of 
cyanogen  of  the  type  XX’NCF2CF2NXX'  and  X’N=CFCF=NX  and 
XN=CFCF2NXX’  (X^’=F,  Cl,  Br). 
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Cesium  Fluoride  Promoted  Halogenation  of  Cyanogen  by  Chlorine  and  Bromine  and 
Selected  Reactions  of  Products' 
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The  reaakm  of  cyanogen  with  Cl]  and  Brj  in  the  presence  of  CsF  gives  rise  to  a  series  of  compounds.  NCCF— NX  (Cl.  Br). 
XN“CF— CF”NX  (Br).  and  NCCFjNXj  (Cl).  Subsequent  reactions  of  NCCFjNCIj  with  MF/Br,  (M  ■  Cs.  K.  Na)  give 
rise  to  X'N— CFCF“NX.  XN*wCFCF]NXX',  and  NCCFjNXX'  (X.  X'  »  Cl.  Br).  involving  oxidation  and  exchange  of  Cl  by  . 
Br  Fourteen  compounds  were  identiFied  by  '*F  NMR  and  mass  spectrometry,  and  10  of  the  compounds  have  not  been  previously 
reported.  Photolysis  of  NCCF*«*NX  and  NCCFjNXX'  gives  rise  to  the  respective  azine  and  diazene.  The  azine  undergoes  a 
fluoride  ion  induced  cyclization  to  form  a  novel  cyclic.  4*membertd  diazo  compound.  Thermal  additions  of  NCCF<~NBr  with 
CjF4  and  CF]— CClj  produced  only  traces  of  the  expected  adducts.  New  compounds  identiried  were  NCCF*“NC1  (I).  NCC- 
FjNCl,  (1).  NCCF-NBr  (4).  NCCF,NBrCI  (14).  NCCFjNBrj  (15).  NCCF— N— N-CFCN  (16).  NCCF,N— NCFjCN  (17). 

and  NCCFN— NCFCN  (18).  and  CIN— CFCF-NBr  (7).  BrN-CFCFjNCIj  (9).  BrN-CFCFjNCIBr  (10).  ClN-CFCFjN* 
ClBr  (II).  and  CIN^CFCFjNBrj  (12).  which  could  only  be  identiFied  in  a  mixture.  Some  evidence  for  NCCF“'NC}F«Br  (19) 
and  NCCF“N(CFjCCl])Br  (20)  was  also  found  in  the  addition  of  4  to  the  respective  alkencs.  Alternative  routes  to  the  previously 
known  compounds  BrN— CFCF— NBr  (5).  CIN— CFCF— NCI  (6).  CljNCFjCFjNClj  (3).  ClN-CFCFjNCI]  (8).  and  BrN— 
CFCFjNBt]  (13)  were  also  identiFied. 


latrodiictiM 

Cesium  fluoride  has  been  shown  to  be  an  effeaive  reagent  for 
the  fluoride'promoted  oxidation  of  RfCF— NF  by  Cl]  and  Br-.  to 
form  RiCFjNFX,  of  R,CN  to  RiCFjNCIj  and  R,CF— NBr.“ 
of  R^N-CF]  to  R,N(X)CF,.*  of  CF;— NX'  (X'  »  F.  Cl.  Br) 
to  CFjNX'X.^-*  of  R|CN  by  Fj  to  RfCFNFj.''  and  of  certain 
hindered  imines  RfN-^FR,'  by  CIF  to  RfNCICFjRf'.*  These 
reactions  are  quite  general  with  fluorinat^  imines  and  nitriles 
and  are  believed  to  occur  via  intermediate  anions  R/CF— N*. 
RfNX".  and  R^NCF]',  although  in  most  instances  definitive 
evidence  for  the  propwed  anion  intermediates  is  lacking.  In  an 
interesting  extension  of  these  fluoride- promoted  reactions,  we 


( 1 )  Primntad  in  part  at  the  tUi  European  Symposism  on  Fluorine  Chem¬ 
istry.  Jerusalem.  Israel.  August  1983;  Abstract  M.  Southeastern  Re 
gional  Amerieaa  Chemical  Society  Meeting.  Charloite.  NC.  Nov  1983: 
Abstract  0-422. 

(2)  Chang.  S.  C.:  DesMarteau.  0.  D.  Inorg.  Cbem.  1983.  22.  80S 

(3)  O’Brien.  B.  A.:  DesMarteau.  D.  D.  J.  0^.  Chem.  1984. 49.  1467;  Ktc 
Cbem.  Miner.  1986.  23.  621 

(4)  Zheng,  Y.  Y.;  DesMarteau.  D.  D.  To  be  published. 

(5)  Zheng.  Y.  Y.;  Bauknight.  C  W.,  Jr.:  DesMarteau.  D  D.  J  Ore  Cbem. 
1984.  49.  3590. 

(6)  O'Brien.  B.  A.;  brasher.  J.  S.;  Bauknight,  C.  W  „  Jr.;  Robin,  M.  L.. 
DesMarteau.  D.  D.  J.  Am.  Cbem.  Soc.  1984.  106.  266 

(7)  Ruff.  J  K,  J.  Of.  Cbem.  1967.  32.  1675. 

(81  Yu,  S  L.;  Shreeve.  J.  M  limrg.  Cbem  1976.  IS.  14. 


examined  the  reactivity  of  NaCCF— NF  and  found  both  muittple 
bonds  were  oxidized  by  Brj  but  only  the  imine  function  was 
reactive  with  Clj.’  This  work  prompted  us  to  examine  the  re¬ 
actions  of  cyanogen  under  similar  conditions  to  compare  the 
re4Ctivity  of  Cl,  and  Br-  and  to  see  if  a  selective  and  steowise 
oxidation  of  the  triple  bonds  was  possible.'"  Of  the  49  structural 
isomers  possible  in  XjNCFjCFjCFjNXj.  XN— CFCF— NX. 
XN— CFCFjNX,.  NCCF,— NX,,  and  NCCF— NX  for  com¬ 
binations  of  chlorine  bromine  and  fluorine,  at  least  24  have  now 
been  positively  identified. 

Expcrimcaial  Section 

Ccncrnl  Methods.  All  work  was  carried  oul  in  a  conventional  Pyrex 
vacuum  system  equipped  with  glass-Teflon  valves.  Pressures  were 
measured  on  a  Wallace  and  Tieman  Series  IS<X)  differential  pressure 
gauge.  Quantities  of  reaaants  and  producu  were  measured  by  direct 
weighing  or  by  FFT  measurements. 

IR  speara  were  Uken  on  a  Perkin-Elmer  1430  spectrometer  connected 
to  a  3600  data  station  using  a  lO-cm  gas  cell  fitted  with  KCI  windows 
and  a  glass-Teflon  valve.  '*F  NMR  spectra  were  taken  on  a  Jeol-FX- 
90Q  Fourier  transform  spectrometer  with  ~80  mol  %  CCI*  as  solvent 
and  ~20  mol  %  CDCI]  as  internal  lock.  CFCl]  was  used  as  an  internal 


(9)  Mir.  Q.-C.:  DesMarteau.  D  D  J.  Fluorine  Cbem  1990.  48.  367 
(10)  During  the  course  of  this  work  a  related  but  different  study  on  the 
oxidation  of  (CN),  by  Br,  and  Cl,  in  the  prqence  of  HgF,  was  reported; 
WaterfeW.  A.;  Mews,  R.  J.  Cbem.  Soc..  Cbem  Common.  1982.  839. 
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reference.  Chemical  shifts  are  negative  to  higher  lield  of  CFCl,  Mass 
speara  were  uhen  on  a  HP  598SB  CC/MS  instrument  ai  15  eV  for  El 
and  SO  eV  for  Cl  ICH4)  Samples  were  introduced  i..[o  the  source  b> 
direct  gas  inlet. 

Melting  points  were  taken  by  a  modirier*  ''  i jck  procedure. 

RcagcMs.  Cyanogen,  chlorine,  and  bromine  were  obtained  from 
commercial  sources  and  were  dried  before  using.  Cesium  fluoride.  99.991. 
was  aaivated  by  fusing  it  in  a  Pt  dish,  followed  by  grinding  in  a  ball  mill 
to  a  very  fine  powder  un'Jer  very  anhydrous  conditions.  Potassium 
fluoride  was  similarly  aaivated.  Manipulation  of  KF  and  CsF  v  as  done 
exclusively  in  the  dryoox. 

Renctieas.  Al'  cactions  except  photolysis  reactions  were  carried  out 
in  lOO-mL  glass  bulbs  Fitted  with  a  glass-Teflon  valve.  In  the  reaction 
of  (CN)]  with  Br]/CsF,  the  reactor  was  routed  to  increase  the  surface 
contaa  of  the  reaaants  with  CsF.  The  appropriate  metal  fluoride  was 
added  in  the  drybox.  and  the  reactor  was  evacuated.  The  reactor  was 
then  cooled  to  -196  *C.  and  the  gaseous  reacunu  were  condensed  into 
It.  The  reaaor  was  then  warmed  to  an  appropriate  temperature  and 
allowed  to  sund  for  several  hours.  The  reaaor  contents  were  then 
separated  by  fraakmal  condensation.  The  reaaions  are  summanzed  in 
Tables  I.  II.  and  V.  '*F  spearal  dau  for  compounds  7  (CIN— CFC- 
F— NBr).  9  (BrN— CFCFjNCIj).  10  (BrN— CFCFjNClBr).  II  (Cl- 
N— CFCFjNCIBr).  and  12  (CIN— CFCFjNBrj).  which  could  only  be 
obuined  as  a  mixture,  are  listed  in  Table  IV.  Charaaenzation  of  other 
new  compounds  follow.  The  known  products  3  (CI.NCFjCF.NCt}).  5 
(BrN— CFCF— NBr).  0  (CIN— CFCF— NCI),  8  (ClN-CFCFjNClj). 
and  13  (BrN— CFCF2NBrj)  were  identified  by  their  IR.  MS.  and  '*F 
NMR  spectra,  which  agreed  with  the  literature  values.'” 

NCCF— NOd).  NMR:  3 -20.4  (s).  IR:  2257  (m).  1652  (s).  1641 
(s).  1250  (s).  I238  (s).g83(m).g73(m).  759(mw).652  (mw)cm-'.  MS 
(Cl);  major  m/.-  107/109  (MH*.  10051).  80/82  (FCNCI*).  71 
(NCCFN*)  Mp;  -40 ‘C. 

NCCF, NO,  (2).  NMR:  3 -77,3  (s)  IR:  2260  (ml.  1 199  (vs).  1 1 57 

(l) .  1 105  (vs).  826  (w).  803  (w).  782  (w),  734  (w).  675  (w)  cm''.  MS 
(El):  nujor  #»i/.-  160/162/164  (M*.  25%),  134/136/138  (M  -  CN*), 
106/108  (M  -  CIF*).  76  (CFjCN*.  100%)  Mp  <-82  ‘C 

NCCF— NBr  (4).  NMR:  i-4.6(s).  IR:  2256  (m).  1647  (vs),  1228 
($),  1218  (s).  868  (m).  860  (m).  735  (w).  700  (w).  cm*'  MS  (Cl) 
major  m/;  151/153  (MH*.  100%).  131/133  (NCCNBr*).  106/108 
(CNBrH*).  93/95  (NBr‘),  71  (M  -  Br*)  Mp:  -24  ’C. 

NCCF,NOBr  (14).  NMR:  i -74,1  (s).  IR;  2259  (s),  1190  (vs), 
1 146  (vs).  1 105  (vs).  819  (  *).  771  (m).  737  (m).  659  (w)  cm"  (Com¬ 
pound  15  was  found  to  be  present  in  a  small  amount  in  compound  14  via 
'*F  NMR  and  mass  speara:  therefore  the  IR  spearum  may  contain 
bands  due  to  compound  IS.)  MS  (Cl):  major  m/:  204/206/208  (M*. 
100%,),  178/180/182  (M  -  CN«).  76  (NCCF,*), 

NCCF,NBr,  (15).  NMR:  4 -7P,3  (s).  MS  (Cl):  major  m/r  229/ 
231/233  (M  -  F*.  70%),  MS  (El)  248/250/252  (M*.  5%)  (Com¬ 
pound  15  was  not  .separated  from  compound  14.) 

NCCF— N— N-CFCN  (16».  NMR  4  -70  4  (s)  IR;  2254  (m), 
1658  (vs).  1293  (s).  1253  (s).  1149(w),  1049  (w).  872  (w).  838  (w)  cm". 
MS  (Cl);  major  m/j  143  (MH*.  100%).  86  (NCCFN-H)*.  7l 
(NCCFN*),  53  (C,N,H)*.  MS  (El);  142  (M*.  l(jo%).  85 

(NCCFN,*).  57  (CFCN*),  52  (C.N,*)  Mp:  -14  ‘C. 

NCCFjN— NCF,CN  (17).  NMR; '4 -80,2  (s).  IR:  2262  (m).  1201 
(vs),  1 101  (s).  1070  (m).  970  (w).  8I8  (w),  736  (m)  cm"  MS  (Cl) 
nujor  m/r  181  (MH*.  100%).  152  (M-  N,*).  105  (NCCF-N-H*).  91 
(NCCF,NH*).  76  (NCCF.*)  Mp-  -17 ‘C 

NCCFN— NCFCN  (18).  NMR.  4 -80.2  (s)  IR  2261  (m),  1231 

(m) .  1 186  (s).  1 107  (m),  1068  (w).  969  (w).  901  (w).  733  (w)  cm"  MS 
(Cl):  major  m/r  143  (MH*.  42%).  1 14  (M  -  N,*).  95  (M  -  FN,).  76 
(CFCFN*).  69  (NCCFC*).  59  (CFN.*).  53  (C,N,H*.  100%). 

NCCF— NC,F4Br  (19).  IR;  2255  (m).  1737  (vs).  1312  (m),  1263 
(vs).  1240  (vs).  1 106  (vs),  946  (vs).  854  (vs).  812  (m).  767  (m),  739  (w) 
cm".  MS  (Cl),  major  m/r  251/253  (MH*.  41%).  231/233  (M  -  F*). 
129/131  (CFjBr*).  121  (NCCFNCF,.  100%)*.  100  (NCCFNCF*) 

NCCF— N<CF,Ca,)Br  (2*).  IR.  2283  (m).  1734  (m).  1162  (s). 
1026  (w).  1000  (m).  8955  (m),  808  (m)  7a7  (m).  696  (m)  cm"  MS 
(Cl)  major  m/r  255/257/259/261  (M  -  CN*.  25%).  211/213/215/ 
217  (CF,CCl,Br*.  100%).  167/169  (CNCF,CBr*) 

RcMilt  and  Ofsaiasioii 

RaactioNt  of  (CN),  wlrti  CsF/Cl,.Bc,.  Representative  reaaions 
of  cyanogen  with  Cl,  and  Br,  in  the  presence  of  CsF  are  sum¬ 
marized  in  Table  I.  From  these  and  many  other  trials,  it  is 
apparent  that  by  suitable  variation  of  reactant  ratios  and  con- 
dttions.  it  is  possible  to  carry  out  selective  halofluorination  of 
cyanogen.  Chlorine  oxidizes  the  -Ob>N  bond  almost  exclusively 
to  the  dichloroamine  species,  whereas  bromine  stops  at  the  bro- 


Tabl*  1.  CsF-Promoted  Reactions  of  (CN).  with  Cl.  a  id  Br, 


mmol  of  reactants 


(CN), 

Bi.  Cl, 

CsF 

•C/ll 

products  (%)• 

1.0 

1.2 

10 

-60/24 

NCCF— NCI  (1)  (trace) 

-60  to  -20/48 

NCCF,Na,  (2)  (19) 

2.0 

3.0 

10 

-10  to -5/20 

2(30) 

2.0 

8.0 

35 

23/22 

2(24).  (CF,NCI,).  (3)  (21) 

5.2 

10 

10 

-80  to  -20/24 

NCCF— NBr  (4)  (50) 

1.5 

10 

10 

23/17 

BrN— CFCF— NBr  (5)  (95) 

1.5 

1.0  1.0 

7 

-196  to  23/4 

I  (I0).3(~l).2t~l) 

*  Unreacted  surting  materials  were  recovered  in  each  case. 


Table  II.  Reactions  of  NCCF,NCI;  with  MF/Br, 
conditions. 

reacunts  (mmol)  ‘C/h  products  (%) 


2  (2.0),  Br,  (4.0).  -196  10  23/5 

CsF  (lOi 


2  (1.5).  Br,  (10).  -196  to  23/5 

CsF  (19) 

2(1.0).  Br,  (3.0).  0  to  23/20 

NaF  (4) 


5.  6,  8.*  CIN— CFCF— NBr  (7), 
BrN— CFCF,NC1:  (9). 

BrN— CFCF.NCIBr  (10). 
CIN— CFCF, NCIBr  (II). 
CIN— CFCF, NBr,  (12) 
BrN— CFCF, NBr,  (13) 

(-80) 

NCCF,NClBr  (14)  (15).* 
NCCF,NBr,  (15u,~!) 


'Essentially  l(X)%  conversion  to  5-12.  Subsunlial  amounts  of  each 
were  present,  but  individual  yields  could  not  be  accuraiel>  determined 
*2  recovered. 


Scheme  I.  Reaction  Paths  for  (CN),  with  CsF/X, 

(CN),  .2L_NCXT«N  A  -*•  NCCT.NX  L.  4 


(BrN-CF),  i  "(ONvCF),’  t  NCOyKl,  2  NCCFJfBt,  li 


BiN-OCF,NBr,  JJ  XJN-CKT,Na,- 1  ^  -  (CFjNO,),  j 

moimine.  This  is  consistent  with  previous  results  for  a  variety 
of  related  reactions  with  RfCN.-^  The  observed  produas  can  be 
rationalized  by  the  reaction  paths  shown  in  Scheme  I.  Higher 
temperatures  and  excess  X,  clearly  favor  products  3  and  S  We 
have  no  spectroscopic  evidence  for  the  proposed  anion  interme¬ 
diates  A-C.  but  since  the  reactions  do  not  occur  under  the  same 
conditions  in  the  absence  of  CsF.  such  intermediates  are  certainly 
plausible."  Intermediates  6  and  B  are  surely  formed  in  these 
reactions,  but  under  all  conditions  tried  only  2  and  3  could  be 
isolated.  Except  for  1  and  4.  the  observed  bromine  and  chlorine 
products  are  exclusive.  In  related  work  with  reactions  of  (CN), 
with  HgFj/Clj.Br,.  compounds  S.  13.  3(Br),  3.  6.  and  8  could 
be  isolated  but  not  1.  4.  2.  and  M  '” 

Reactions  of  2  with  MF/Br,.  The  conversion  of  N-CI  bonds 
to  N-Br  bonds  by  MF/Br,  (M  =  Na.  K.  Cs)  was  previously  shown 
to  be  an  effective  route  to  both  -NBr,  and  -NCIBr  derivatives 
from  -NCI,  compounds.’-'"  We  hop^  to  use  this  as  a  means 
to  prepare  II  and  14  as  well  as  the  mixed  chlorine-bromine  de¬ 
rivatives  of  8  from  compound  2.  This  turned  out  to  be  a  complex 
reaction  resulting  in  a  number  of  interesting  new  derivatives  of 
cyanogen  Ijnfonunatcly.  the  complex  mixture  of  products  re¬ 
sulting  from  these  reactions  illustrated  in  Table  II  could  not  be 


(11)  KF  can  sometimes  be  used  in  place  of  CsF  for  reactions  of  this  type, 
but  It  was  iftefTective  in  promoting  the  reactions  of  cyanogen 

(12)  Zheng.  Y  Y  .  Mir.  0 ’C..  O’Brien.  B  A.;  DesMarteau.  D  D  /norg. 
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SckMc  II  Pouible  Conversion  Paths  for  NCCFjNCI;  to 
BrN<^FCFjNBr2 


TaMe  ill  '*F  Chemical  Shifis  (or  Represeniaiive  Chloro  and  Bromo 
Amines  and  Imines” 


compd 

«CF,) 

«(CFj) 

«(CF) 

CFiNCU'* 

-74.1* 

CF, NCIBr* 

-72.3 

CFjNBr-’ 

-70,5 

CFjCF,NCl.“ 

-78  4 

-101.2 

CF,CF,NCrBr’ 

-77.8 

-96,3 

CFjCF^NBr.'" 

-77.0 

-91.8 

(CF-NCIj)-'* 

-92.1 

(CF.NBr,),'" 

-80.2 

NCCFjNCU* 

-77.3 

NCCFj  NBrCl* 

-74.1 

NCCFjNBr,* 

-70.3 

CFjCF— NCI'’ 

-72.0 

-42.1 

CFjCF— NBr'» 

-71  6 

-26,9 

CIN— CFCFjNCl,'" 

-90.6 

-35.7 

BrN— CFCFjNBr,'" 

-81.0 

-19.9 

NCCF— NCI* 

-20.4 

NCCF— NBr* 

-4.6 

(CF—NCl).'® 

-37.1 

(CF— NBr),'® 

-20.1 

•This  work. 


separated  and.  in  general,  conditions  could  not  be  found  to  favor 
a  particular  product  except  for  13.  Thus  7  and  9-12  were  only 
identified  in  a  mixture. 

For  the  formation  of  13  the  reaction  can  be  explained  as  shown 
in  Scheme  II.  The  high  conversion  to  13  is  driven  by  the  large 
excess  of  Brj  When  only  a  2  to  1  excess  of  Brj  to  2  is  employed, 
one  observes  the  complex  mixture  of  products  S-IZ  which  conuins 
the  intermediates  9  and  10  of  Scheme  II.  The  products  8-12  can 
be  explained  by  the  conversion  of  -NCIj  to  NBrCl  and  -NBr^ 
by  the  mixture  of  Br^.  BrCI.  and  CU  that  is  present  after  the 
reaction  begins.'^  As  illustrated  in  Table  I.  BrCI  (starting  with 
a  I :  I  mixture  of  Clj  to  Brj)  converu  -CN  to  -CF—NCl  and  is 
apparently  less  reactive  than  CI2  or  Brj  alone.  The  presence  of 
5-7,  however,  is  not  readily  explained  The  most  likely  route  to 
these  compounds  is  through  an  elimination  under  the  reaction 
conditions  of  XF  from  7-13  or  from  2.  14.  or  15.  followed  by 
oxidation  of  -C*N  to  -CF”NX.  However,  in  the  absence  of 
MF/Xj.  all  the  compounds  appear  to  be  stable  at  23  ‘C.  Clearly, 
this  is  a  complex  reaction  and  highly  dependent  on  the  reaction 
conditions.  It  was  somewhat  fortuitous  that  5-12  were  observed 
in  a  single  reaction. 

Finally,  the  reaction  of  2  with  NaF/Brj  is  of  interest  since  it 
clearly  shows  that  NaF  is  effective  in  converting  N — Cl  to  N — Br 
bonds  by  bromine  but  ineffective  in  promoting  the  oxidation  of 
-C»N.  Both  of  these  points  were  expected  from  previous  re¬ 
sults.’* 

Charactcrizalkm  of  Halogen  Derivatives  of  (CNIj.  Data  for 
new  compounds  I.  2.  4.  14.  and  15  are  contained  in  the  Exper¬ 
imental  Section.  For  those  compounds  that  could  be  isolated  in 
essentially  pure  form,  the  combination  of  IR.  MS.  and  '*F  NMR 
spectra  provides  good  proof  of  structure.  The  '’F  NMR  spectra 
of  these  and  related  compounds  show  a  remarkably  regular 
variation  in  chemical  shifts  as  a  function  of  the  halogens  chlorine 
and  bromine,  and  this  can  be  used  effectively  to  distinguish 
CFjNXj.  -CF,NXj,  and  -CF-=NX.  for  X  =  Cl.  Br 


(13)  BrCI  is  in  equilibrium  with  Br;  tnd  Cl;  at  25  *C  Maihau.  H  C  ; 
Pachuki.  C  F ,  Hawkins.  N  J  J.  Cheni.  Phys  I4S4.  2.’.  1117 


Table  IV.  ’’NMR:  Mixed  Fluoro-Chloro/ Bromo  Derivatives  of 
(CN),  _ 


compd 

a(CF) 

6(CF.) 

Hz 

CIN— CF*CF®— NBr  (7) 

-20.2  (B.  d). 
-35.2  (A,  d)“ 

1  1.6 

BrN— CFCF.NClj  (9) 

~-20.7  (t)‘ 

-90.2  (d) 

7.3 

BrN— CFCF.NCIBr  (10) 

— 20.7  (i)‘ 

-85.8  (d) 

7.3 

CIS— CFCF.NClBr  (11) 

— 35.1  (l)‘ 

-86.5  (d) 

7.3 

CIN— CFCF.NBr,  (12) 

— 35,1  (i)‘ 

-82,3  (d) 

7.3 

“Overlaps  with  II  and  12  but  doublet  clearly  present  ‘Overlapping, 
but  two  triplets  are  evident. 


Table  V  Photolysis  of  Compounds  2.  4.  and  14 


conditions. 

compd  (mmol)  mL/h*  products  (%)* 


NCCF—NBr  (4)  (2.0) 

250/96 

NCCF— N— N— CFCN  (16) 
(80).  Brj 

NCCF— NBr  (4)  (2.0) 

15/200 

14  (10).  Br. 

NCCFjNClBr  (14)  (0.5) 

100/1 

NCCF.N— NCF.CN  (17) 
(20).  BrCI 

NCCF.NClj  (2)  (1.0) 

15/3 

17  (5).  NCCF.CI,  Cl. 

NCCFjNCI,  (2)  (1.0) 

500/3 

17  (50).  Clj 

“Direct  South  Carolina  sunlight.  ‘Balance  of  starting  material  was 
convened  to  nonvolatile  residue 


Table  ill  contains  a  summary  of  relevant  compounds,  and  the 
regular  shift  of  the  fluorine  signals  to  lower  field  in  going  from 
chlorine  to  bromine  is  clearly  apparent. 

With  the  aid  of  the  data  in  Table  III  and  mass  spectrometry, 
good  support  for  the  structures  of  the  new  compounds  7  and  9-12 
was  obtained  for  a  mixture  of  5-12.  The  mass  spectrum  of  the 
mixture  gave  fairly  intense  molecular  ions  for  CjN^FjCIBr,. 
C}NiF3BrCl2.  and  CjNjFjBrCI  with  the  appropriate  isotopic  ratios 
as  well  as  peaks  that  could  be  assigned  to  molecular  ions  of  5. 
6,  and  8.  Of  course  this  cannot  distinguish  9  from  II  or  10  from 
12  but  is  very  supportive  when  combined  with  the  NMR  data. 
The  '*F  NMR  data  for  7  and  9-12  present  in  the  mixture  of  5-12 
are  summarized  in  Table  fV.  The  overlapping  peaks  in  the 
XN»=CF-  region  for  9-12  make  assignment  of  accurate  chemical 
shifu  difficult,  but  the  remainder  of  the  spectra  are  well  resolved. 

Several  of  the  reported  new  compounds  1.  2.  4.  7.  and  9-11 
could  exist  either  as  £  or  Z  isomers  or  as  a  mixture  of  both  isomers 
From  the  available  data,  it  is  certain  that  1.  2.  and  4  arc  formed 
as  a  single  isomer.  The  value  of  6(CF)  suggests  that  the  observed 
isomer  is  Z  in  each  case,  and  this  has  been  confirmed  for  4  by- 
microwave  spectroscopy.'*  On  the  basis  of  minimizing  stenc 
interactions,  it  is  likely  that  7  is  Z.Z  and  that  9-11  are  also  the 
Z  isomers.  Compounds  11. 14.  and  10  contain  a  chiral  nitrogen 
atom,  and  the  adjacent  methylene  fluorines  are  diastereotopic  in 
related  compounds  in  which  one  of  the  halogens  on  nitrogen  is 
fluorine.*  However,  in  agreement  with  other  -NCIBr  derivatives, 
the  nitrogen  inversion  is  fast  at  near  room  temperature  and 
first-order  spectra  are  observed.’ 

Selected  Reactions  of  2.  4.  and  14.  All  the  N-halogen  derivatives 
reported  in  this  work  appear  to  have  reasonable  thermal  stability 
and  arc  stable  at  23  "C  in  glass  in  the  absence  of  moisture  and 
light.  Pyrex-filiered  sunlight  is  sufficiently  energetic  to  cause  rapid 
photolysis  of  the  A'-bromo  derivatives  and  much  less  so  for  ihe 
.^-chloro  species.  Previously,  we  and  others  have  shown  that 
photolysis  or  thermolysis  often  leads  to  an  efficient  coupling 
through  nitrogen  in  both  -CF“N — Br  and  -NBr;  and  -NCI- 
derivatives. We  investigated  the  photolysis  of  2.  4,  and  14 
by  Pyrex-filiered  sunlight  to  see  if  the  respective  azines  and  azo 


(14)  Hynes.  J  B  :  Austin.  T  E.  Inorg  Chem.  1944.  5.  488 

(15)  This  compound  wis  Hrsi  prepared  by:  Chambers.  W  J.;  TuHock.  C 

W„  Coffman,  D  D  J.  Am  Chem  Soc.  1942.  S4.  2337  li  was  laier 
prepared  bv  an  alternative  route  Sekiya.  A.;  DesManeau.  D  D  J  Of. 
Chem  19BI,  46.  1277  The  NMR  of  CFjCF— NCI  was  not  reported 
in  either  of  these  references  bui  was  determined  bv  the  latter  authors 
as  6(CF,)  -72.0,  4(CF)  -42. 1  «  5.2  Hz 

(16)  DesManeau.  D  D.;  Groner,  P.:  Nanaie,  H.:  Dung.  J.  R  To  be  pub¬ 
lished 

(17)  Bauknighi.  C  W  :  DesManeau.  D  D.  7  Org  Chem  f9B8.  53.  443 
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Sdwt  III.  Fluoride-Catalyzed  Cyclization  of  the  Azine  16 
NC 


‘C-N 


/ 


\ 


Lfi  -rhr*  NOaW<--\ 

(C*F)  ‘ 


CN 


/ 

N-C 


CN 


•F* 

CN 


N  .  N 

1  I 

NC —  C —  C 

1  I 

F  F 

2  or  E 


CN  IS 


compounds  could  be  isolated.  The  results  are  summarized  in  Table 
V.  High  pressure  decreased  the  yields  of  coupled  products  and 
led  to  greater  formation  of  nonvolatile  liquid  and  solid  residues 
(presumably  polymeric). 

Both  16  and  17  were  readily  identiFied  by  their  simple  but 
indicative  IR  and  NMR  spectra  and  large  parent  ions  in  their  mass 
spectra.  The  chemical  shifts  are  reasonable  for  compounds  of  this 
structure,  and  the  single  lesonance  for  each  indicates  onW  one 
of  two  possible  geometric  isomers  is  formed  in  each  case,  pre¬ 
sumably  Z.Z  for  16  and  £  for  17." 

Compound  16  is  an  unusual  example  of  a  conjugated  sy:>tem 
of  double  and  triple  C — N  bonds.  When  16  was  condensed  onto 
CsF  at  -196  ‘C  and  warmed  to  22  “C,  it  underwent  a  rapid 
reaction  (90%  of  16  was  absorbed  by  the  CsF  turning  the  CsF 
red-brown)  with  loss  of  the  VC—N  at  1 658  cm"'  in  the  IR  spectra 
of  the  volatile  product  and  a  shift  in  the  single  fluorine  resonance 
from  -70.4  to  -80.2  ppm.  The  mass  spectrum  exhibits  a  large 
parent  ion  in  the  Cl  at  m/z  143  (MH*^)  identical  with  that  of  16, 
but  the  fragmentation  pattern  is  much  different.  We  explain  this 
result  on  the  basis  of  a  fluoride-catalyzed  cyclization  of  16  to  18. 
as  shown  in  Scheme  111."-“  18  can  exist  as  the  £  or  Z  isomer. 


(18)  See  reft  3  and  9.  See  also:  PerOuorohalogeno-Organo  Compounds. 
Cmelins  Handbueh  itr  AnorfO^^cht  Chemit,  8th  ed.:  Springer  Veriag; 
West  Berlin.  1980;  Part  8. 

( 1 9)  The  internal  nucleophilic  displaoement  of  fluoride  ion  from  a  nturated 
carbon  is  unusual,  but  precedent  for  such  reactions  in  cydizations  exists: 
Chambers.  R.  D.;  Lindley,  A.  A.:  Philpot.  P.  D.:  Fielding.  H.  C.; 
Hutchison,  J.;  Whittaker,  O.  J.  Chtm.  Soc^  Perkin  Tram.  I  1979,  214. 

(20)  The  related  compound  CFj—N— N—CFj  also  reacts  rapidly  with  CsF 
to  give  a  brown  oil  and  solid  which  has  not  been  characterize  (Ogden. 

5or.  O  1971,  2920).  The  known  cyclic  compound 

CF]N*~NCF]  is  apparently  not  forme  in  the  latter  reaaion  but  is 
readily  prepared  from  (CN)]  ae  AgFj  which  might  be  mechanistically 
similar  to  the  formation  of  18  from  16  (Emeleus,  H.  J.;  Hunt.  G.  L. 
J.  Chem.  Sac.  1962.  3021). 


Both  isomers  should  exhibit  only  a  single  resonance  in  the  '’F 
NMR  spectrum,  and  the  presence  of  only  one  signal  in  the  ob¬ 
served  spectrum  indicates  that  only  one  of  the  possible  isomers 
is  present.  However,  the  configuration  cannot  be  determined  from 
the  available  data. 

Finally,  reactions  of  4  with  alkenes  were  carried  out  to  see  if 
this  compound  would  undergo  addition  reactions  as  observed  for 
other  bromoimines.’-'"’  Thermal  reactions  were  carried  out  with 
C}H4,  C2F4.  and  CFjCCU  by  combining  equimolar  amounts  of 
the  reactants  in  a  lOO-mL  glass  reactor  in  the  dark  at  80  °C.  This 
procedure  gave  only  traces  of  molecular  adducu.  and  decompo¬ 
sition  and  polymer  oils  were  the  main  products.  At  22-25  “C 
the  results  were  the  same  for  C2H4  after  I  day,  but  C2F4  and 
CF;CCl2  showed  small  amounts  of  the  adducts  after  1 1  and  24 
days,  respectively. 


4  +  C2H4  —  oil.  SiF4 

4  +  C,F4  —  NCCF=NCF,CF2Br  (19)  -I-  other 
(~5%) 

4  +  CF2CCI2  —  NCCF=*N(CF;CCl2)Br  (20)  +  other 
(~4%) 

These  products  were  only  identified  by  IR  spectroscopy  and  MS. 
and  the  regioisomer  formed  in  the  case  of  CF2CCI2  was  not 
determined.  The  low  yields  of  these  additions  compared  to  pre¬ 
vious  work  with  CF2”=NX  (Cl,  Br)  and  R(CF=NBr  reactions 
with  a  variety  of  alkenes  must  be  due  in  part  to  the  inherent 
tendency  of  4  to  polymerize  under  radical  conditions,  as  shown 
by  the  photolysis  of  4. 

Summary 

The  selective  bromo-  and  chlorofluorination  of  cyanogen  using 
CsF/Cl2Br2  has  been  demonstrated.  Bromine  forms  only  the 
bromoimines.  whereas  CU  yields  predominantly  the  dichloro- 
amines.  By  selective  control  of  reaction  conditions,  the  stepwise 
oxidation  of  CN  groups  in  cyanogen  can  be  achieved.  The  sub¬ 
stitution  of  Cl  by  Br  and/or  the  bromofluorination  of  NCCF2NCI2 
is  a  complex  reaction  resulting  in  1 1  identifiable  struaural  isomers 
of  the  passible  bromo-  and  chlorofluorination  products  of  cyanogen. 
Photolysis  reactions  of  selected  haloimine  and  haloamine  deriv¬ 
atives  of  cyanogen  provide  routes  to  novel  azines  and  azo  com¬ 
pounds  which  are  C-fluorinated  derivatives  of  the  dimer  of 
cyanogen. 

Acknowledgment.  The  support  of  this  research  by  the  U.S. 
Army  Research  Office  (Grant  DAAG-29-83-K-OI73)  is  gratefully 
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Abstract 

Treatroent  of  the  perhalogenated  azaalkenes,  RxCF^NCFjCFXBr  (R,-CF3,  CjFg,  ClCFz; 
X-F,  CF3}  with  Aids  readily  producea  new  imines  of  the  type  R.CCl»NCCl2CFXBr  and 
R,CCltN~COCFXBr.  Dehalogenation  of  these  new  imines  using  activated  zinc  dust  affords 
a  series  of  novel  hetero- 1,3-dienes  CR,CC1“NCC1— CFX). 


Introduction 


Studies  of  the  reaction  chemistry  of  Af-bromoperhalo-l-alkanimines 
CRxCF— NBr)  have  so  far  shown  that  they  react  quite  readily  under  thermal 
conditions  with  halogenated  olefins  to  form  1,2-addition  products  [I].  The 
addition  to  a  nuijority  of  unsymmetricai  olefins  was  found  to  be  highly 
regioselective,  where  during  the  addition  the  R,CF— N-  group  adds  pref- 
eraitially  to  the  end  of  the  olefin  which  would  result  in  the  formation  of 
the  most  stable  radical.  As  a  result  the  reaction  between  R,CF~NBr  and 
CF2*-CFX  affords  periialo-3-azaalkenes  of  the  structure  shown  in  eqn.  (1). 


'c  =  NBr*CF2*CFX  — ^  ^  C  = 

F  ' 

R,-CFj,  C,F„  aCF,;  X-Br,  Q,  F,  CF, 


CD 


Recently  our  studies  have  concentrated  on  the  reaction  chemistry  of  the 
perhalo-3-azaalkenes  and,  in  particular,  their  use  as  synthetic  intermediates 
in  the  preparation  of  hetero- 1,3-dienes. 

Novel  1,3-dienes  of  the  type  R,C(0)N— CFCFzBr  can  easily  be  prepared 
by  hydroly^  of  the  perhalo-azaalkenes,  followed  by  dehydrofluorination  of 
perhaloacidamides,  R,C(0)N(H)CF2CF2Br,  with  KF  (21- 

We  now  report  the  synthesis  of  anoth«r  series  of  hetero-1 ,3-dienes  having 
the  structure  R,CC1"“NCC1— CFX. 


*Author  to  whom  correspondence  should  be  addressed. 
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Experimental 
General  methods 

All  work  was  carried  out  in  a  Pyrex  vacuum  system  equipped  with 
glass-Teflon  valves.  Pressures  were  measured  with  a  Wallace  Tieman  series 
1500  differential  pressure  gauge.  Quantities  of  reactants  and  products  were 
measured  by  direct  weighing  or  by  PVT  measurements.  Temperatures  were 
measured  by  using  a  digital-indicating  iron-^onstantan  thermocouple. 

Infrared  spectra  were  recorded  using  a  Perldn-Elmer  1430  spectrometer 
with  a  Model  3600  data  station,  using  a  10-cm  glass  cell  fitted  with  KCl 
windows.  NMR  spectra  were  recorded  using  a  JEOL  FX-90Q  spectrometer 
using  various  deuterated  media  as  both  solvent  and  internal  lock,  and  ~  1% 
CFCI3  as  the  internal  reference.  Chemical  shifts  are  negative  upfield  from 
CFCI3.  Mass  spectra  were  recorded  using  a  Hewlett-Packard  5985B  instrument 
at  70  eV  for  electron-impact  (El)  and  chemical  ionization  l(CI),  CH^)!  spectra. 
Samples  were  introduced  by  direct  gas  ii\iection. 

Boiling  points  were  determined  using  Stwoloboffs  method  [111  and  are 
uncorrected. 

Reagents 

Aluminum  chloride  (AICI3)  and  zinc  dust  were  obtained  from  commercial 
sources;  AICI3  yns  freshly  sublimed  before  use  and  zinc  dust  was  activated 
by  treatment  with  2  N  HCI,  followed  by  washing  with  H2O  and  then  dried 
in  vacuo.  The  compounds  CF3CF"-NCP2CF2Br,  C2F5CF=“NCF2Br,  Cl- 
CF2CF— NCF2CF2Br  and  CF3CF— NCF2CFBrCF3  were  prepared  using  methods 
reported  earlier  (!]. 

General  procedure  far  the  reaction  between  R^CF’~NCF2CFXBr  and 
AlClj 

The  imine  (2—4  nunol)  was  condensed  onto  a  five-fold  excess  of  freshly 
sublimed  AICI3  cooled  to  — 196  ”0  in  a  140  ml  glass  reactor.  The  flask  was 
wanned  to  room  temperature  and  the  mixture  magnetically  stirred  for  a 
period  of  — 16  h.  The  volatiles  were  then  pumped  off  from  the  solid  and 
collected  in  a  - 196  *C  trap.  Purification  was  carried  out  by  a  series  of  trap- 
to-trap  distillations  to  afford  the  product  in  65—70%  yield.  Characterizations 
of  the  new  tmines  are  described  below. 

CFjCa^NCCljCFjBr  and  CFjCCljN’-CaCFiBr 

(2:3  mixture),  glass  at  —90  "C  to  -88  *C.  IR  (gas):  1698  (vs)  (C— N), 
1283  (vs),  1228  (vs),  1185  (vs),  1065  (vs),  1021  (vs),  954  (m),  929  (s), 
865  (vs),  838  (w),  803  (w),  774  (s),  673  (w),  609  (m)  cm'*.  MS:  (Cl,  msuor 
Tn/«):  346/344/342  [(M  +  l)*!,  310/308/306  [(M-Q)*,  100%!,  216/214/ 
212  [(M-CFjBr)*!,  215/213/211  (CCljCFzBr),  155/153/151  (CFaCClj*). 
(El,  msijor  m/z):  310/308/306  ((M-CI)^!,  276/274/272  [(M-CFg)^!, 
216/214/212  t(M-CF2Br)*l,  155/153/151  (CF3CC12"-),  69  (CF3*,  100%). 
‘»F  NMR  (C*D«):  CF2^:Cl-NCa2CF2“Br,  SA  -72.6,  5B  -62.2; 
CF3‘=CCl2N-CaCF2°Br,  SC  -83.0,  5D  -56.8;  Jab-^co-O  Hz. 
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CFjCFiCCl-NCCLiCFiBr  and  CFjCFiCCliN^’CClCFiBr 

(10:1  mixture),  glass  flowing  at  slowly  -76  ®C  to  -74  ®C,  vap.  press. 
~  1.5  Torr  at  25  ®C.  ffi  (liquid  film):  1690  (vs)  (C-N),  1345  (s),  1329  (s), 
1228  (vs),  1209  (vs),  1185  (s),  1160  (vs),  1081  (s),  1067  (s),  1007  (vs), 
987  (s),  874  (s),  767  (s),  744  (m),  695  (w),  656  (w)  cm”'.  MS  (Cl,  nuyor 
mlz):  396/394/392  [(M+l)*l,  306/358/356  ((M-CI)*,  100%],  266/264/ 
262  ((M-CFaBr)*!,  215/213/211  (CClaCFzBr*),  205/203/201  (CaFsCClg*), 
131/129  (CFaBr^),  119  (CaF*^).  (El,  maiormlz):  360/358/356  I(M-C1)*J, 
266/264/262  ((M-CFaBr)*  1,  69  (CF3*,  100%).  ‘»F  NMR  (CeDa): 
CF3'H:F2®CCl-NCCl2CF2<=Br,  5A  -81.4,  6B  -114.4,  5C  -62.4; 
CFa^CFa^'CClaN-CClCFa'^r,  SD  -75.8,  5E  -120.6,  5F  -56.8;  all  Rvalues 
*0  Hz. 

ClCF2CCl~NCCliCF2Br  and  ClCF2CCl2NsCClCF2Br 

(1:1  mixture),  glass  flowing  slowly  at  —  86  ®C  to  —84  °C,  vap.  press. 
~1  Torr  at  25  ®C.  IR  Gifluid  film):  1688  (s)  (C-N),  1275  (w),  1225  (vs), 
1163  (s),  1170  (vs),  1029  (s),  1000  (vs),  863  (s),  793  (vs),  764  (vs),  688 
(m),  665  (w),  640  (m),  606  (m)  cm” '.  MS  (Cl,  major  m/z):  326/342/332 
((M-Cl)-",  100%!,  276/274/272  ((M-CFaCl)*!,  232/230/228  I(M-- 
CFjBr)*!,  213/211  (CCljCFaBr*),  171/169/167  (CCljCFaCCP).  (El,  m^or 
wi/z):  131/129  (CFaBr^),  99/97  (CFaCC^),  87/85  (CFaCl*).  ‘'»FNMR  (CaDa): 
ClCFa^DClNCClaCFa^Br,  5A  -59.7,  SB  -62.1;  ClCFa^'CClaN-CClCFa'^r,  SC 
—  67.5,  SD  —56.5;  Hz. 

CFj  CCI2N-  CaCFBrCFj 

Glass  flowing  slowly  at  -81  *C  to  -79  *C.  ER  (liquid  film):  1691  (vs) 
(C-N),  1278  (vs),  1209  (vs),  1166  (s),  1089  (m),  1057  (s),  932  (s),  903 
(vs),  852  (s),  813  (m),  739  (w),  719  (m),  647  (w)  cm”'.  MS  (El,  major  ml 
zy.  360/358/356  l(M-Cl)"  100%),  Z2&m^l222  [(M-CF3)*,  279/277 
((M-BiCl)*I,  181/179  (CFaCFBr^),  155/153/151  (CF3CCI2*),  69  (CF3*). 
‘•F  NMR  (C«D«);  CF3\:Cl*N-CClCF®BrCF3<=,  SA  -83.3,  oB  - 127.3  (q),  SC 
-76.3  (d);jBC-8.8  Hz. 

General  procedure  far  the  dehalogenation  of  R^CCl—NCCI^CFXBr  and 
R^CCljN^CClCFXBr 

The  isomeric  mixture  of  the  imine  (3.0  mmol)  was  condensed  onto  a 
mixture  of  activated  zinc  dust  (1.0  g)  and  sulfolane  (5.0  ml),  and  cooled 
to  — 196  "C  whilst  contained  in  a  140  ml  glass  reactor.  After  warming  to 
room  temperature,  the  contents  of  the  vessel  were  maignetically  stirred  for 
~  1  h  and  the  volatiles  were  then  pumped  off  and  collected  in  a  — 196  ®C 
trap.  Purification  was  achieved  by  vacuum-line  firactionation  to  give  the 
corresponding  hetero- 1,3-dienes  (R*CC1— NCCl— CFX)  in  approximately  80% 
yield.  The  compounds  were  characterized  as  described  below. 

CFjCCl^NCa~CF2 

Boiling  point,  89.5  ®C.  IR  (gas):  1708  (vs)  (C— N),  1668  (w)  (C— C), 
1343  (vs),  1291  (vs),  1233  (vs),  1180  (vs),  1030  (vs),  946  (s),  760  (s). 
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737  (w)  cm-‘.  MS  (Cl,  major  m/i):  232/230/228  [(M  +  l)‘l,  231/229/227 
(M *  1. 2 1 0/208  ((M  -  F)  *  1. 1 94/1 92  ((M  -  Cl)  ",  J  00% 1, 1 60/1 58  [(M  -  CF3)  "  j. 
(El,  m^orm/r):  231 12291221 IM*  ],  210/208  l(M  -  F)*  1, 194/192  [(M  -  Cl)* , 
100%1,  118/116  (CFjCCr),  99/97  (CFzCCl*).  ‘®F  NMR  (CaDg): 

CF3*CC1-NCC1-CF®F°,  5A  -71.9,  SB  -72.8  (d),  SC  -82.3  (d);jBc  =  22 
Hz,  ASbc‘*797  Hz.  Mol.  wt.;  calcd  227.9,  found  228.6. 

CFi  CFiCCl-NCCl^CFi 

Boiling  point,  111  “C.  IR  (gas):  1704  (vs)  (C—N),  1664  (m)  (C=C), 
1344  (vs),  1290  (w),  1219  (vs),  1157  (s),  1073  (s),  1028  (vs),  884  (s), 
853  (vs),  750  (s),  721  (s),  670  (w)  cm"'.  MS  (Cl,  mayor  m/z):  281/279/ 
277  [M*,  100%!,  262/260/258  ((M-F)*I,  244/242  I(M-C1)*1,  162/160/ 
158  KM-CaFs)*!.  (El.  m^orm/z):  281/279/277  (M*),  244/242  [(M-C1)*1, 
119  (CaFs*),  99/97  (CFaCl*).  69  (CF3*,  100%).  '®F  NMR  (C^D,): 
CF3\:Fa“CCl-NCCl-CF^F°,  SA  -81.5,  SB  -113.9,  SC  -72.2  (d),  SD 
-8.1.5  (d);  Jcd”24.9  Hz,  ASco  =  784  Hz.  Mol.  wt.;  calcd.  277.9,  found 
279.3. 

ClCFaCa-NCa-CPj 

Boiling  point,  115-117  “C.  IR  (gas):  1707  (vs)  (C=N),  1669  (w)  (C=C), 
1341  (vs),  1292  (w),  1237  (vs),  1187  (s),  1155  (s),  1130  (w),  1098  (w), 
1035  (vs),  957  (w),  865  (s),  826  (m),  796  (w),  716  (m),  644  (w)  cm’*. 
MS  (Cl,  major  m/z):  248/246/244  ((M+l)*l,  228/226/224  [(M-F)*I,  210/ 
208  ((M-Cl)*,  100%!,  168/158  ((M-CFaCl)*}.  (El,  major  m/z):  247/245/ 
243  IM*1,  210/208  l(M-Cl)*l,  160/158  ((M-CFaCl)*,  100%!,  99/97 
(CFaCCr),  87/85  (CFaCP).  ‘®F  NMR  (C«D«):  ClCFa'K:Cl-NCCl=CF®F^,  8A 
-57.9,  SB  -73.2  (d),  SC  -82.5  (d);  Jbc-22.0  Hz,  ASbc-785  Hz.  Mol. 
wt.:  calcd  244.5,  found  247.3. 

CFjCCl’^NCCl’-CFCFj 

(Mucture  of  E  and  Z  isomers,  ratio  t1:9),  b.p.,  109.5  ®C.  IB  (gas):  1703 
(s)  (C-N),  1669  (s)  (C-C),  1353  (vs),  1288  (vs),  1235  (vs),  1220  (vs), 
1188  (vs),  1174  (vs),  1132  (m),  1096  (m),  1061  (w),  970  (vs),  906  (w), 
874  (s),  822  (w),  763  (s),  724  (vs),  648  (s)  cm-‘.  MS  (Cl,  mayor  m/z): 
281/279/277  (M*,  100%!,  262/260/258  {(M-F)*,  244/242  [(M-Cl)*,  210/ 
208  [(M  -  CF3)  *  I.  (El,  major  m/z):  281 12791277  (M  *  J,  2 1 0/208  {(M  -  CF3)  *  ], 
149/147  (CF3CFCCr),  69  (CF3*).  ‘®F  NMR  (CeDo):  Z- 

CF3'K:a-NCCl-CF®CF3®,  SA  -  72.4,  SB  - 123.2  (q),  SC  -66.1  (d);  Jbc  =  9.4 
Hz;  jE:-CF3°CC1-NCC1-CF®CF3'',  SD  -71.0,  SE  -127.0  (q),  SF  -64.9  (d); 
J^“*8.8  Hz. 


Results  amd  discussion 

Halogen  exchange  reaction 

The  fact  that  the  addition  reactions  of  N^bromoimines  to  unsymmetrical 
olefins  is  highly  regioselective  creates  a  problem  in  trying  to  use  these 
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perhaio-azaaikenes  as  precursors  to  hetero- 1,3-dienes.  IdeaUy  one  would  like 
the  reverse  addition  to  take  place  as  this  would  give  rise  to  compounds  of 
the  type  R,CF=NCFXCF2Br,  where  X  =  Br,  Cl.  A  1 ,2-dehaiogenation  could 
then  be  achieved  by  a  variety  of  methods  to  afford  the  desired  perhalogenated 
dienes,  R^CF— NCF»CF2.  Unfortunately  this  is  not  the  case,  since  the  addition 
always  occurs  in  such  a  manner  that  the  heaviest  halogens  are  attached  to 
the  same  terminal  carbon.  Alternatively,  the  reaction  of  Af-bromoimines  with 
symmetrical  halogenated  olefins  XCF— CFX  other  than  CF2—CF2  was  un¬ 
successful  and  no  addition  products  were  observed.  As  a  result,  formation 
of  perhalo-3-azaalkenes  containing  a  halogen  ocher  than  fluorine  on  the  carbon 
a(fjacent  nitrogen  via  these  routes  had  to  be  abandoned. 

a,a,a'  -Trichloro(perfiuoro)azaalkenes  that  contain  all  three  chlorine  atoms 
centered  around  the  imine  group  (CCI—NCCI2  “)  have  been  prepared  previously 
by  treating  the  corresponding  perfiuorinated  tertiary  amine  with  AICI3  [3-51. 
In  most  cases  the  reaction  gives  rise  to  an  isomeric  mixture  (eqn.  (2)]: 


AlQj 

(CFjCFjljNCFjRf - »  CFjCa  =  NCajRf  ♦  CFjCOjN  =  CORf 


(2) 


The  reaction  is  believed  to  proceed  via  the  intermediate  perfiuoroazaalkene 
CF3CF— NCF2Rf,  which  in  the  presence  of  AICI3  undergoes  a  series  of  halogen- 
exchange  reactions  to  give  the  observed  products.  The  perhalo-azaalkenes 
used  in  our  study  all  have  the  basic  structure  R,CF— NCF2CFXBr  (R,  CF3, 
C2F5,  CICF2,  X—F  or  CF3),  and  each  of  these  compounds  contains  three 
fluorine  atoms  centered  around  the  imine  group.  We  therefore  decided  to 
use  this  procedure  Co  see  if  similar  trichloro-azaalkenes  to  those  already 
reported  could  be  prepared. 

The  reaction  conditions  employed  were  rather  mild:  the  alkanimines 
were  stirred  with  an  excess  of  dry  AlCi3  at  room  temperature  for  a  period 
of  approximately  16  h  and  the  products  formed  were  identified  as  those 
given  in  Table  1.  In  all  cases  the  three  fluorine  atoms  centered  around  the 
imine  functionality  were  exchanged  by  chlorine  and  in  all  but  one  example 
(R,-CF3,  X-CF3)  a  mixture  of  isomeric  imines  were  formed-  The  ratio  of 
each  isomer  was  determined  from  their  NMR  spectra. 

Previous  worit  has  shown  that  AlCls  can  readily  be  used  for  replacing 
fluorine  by  chlorine.  Perfluorocyclic  ethers  of  the  type  shown  below  can 
easily  be  converted  to  their  a,a,a'-trichloro  analogs  with  AICI3  [6]  [eqn.  (3)]: 


TABLE  1 

Reaction  of  R,CF— NCFaCFXBr  with  AlCIj 


Azaalkene 


CFjCF-NCFjCFjBr 

CjFsCF-NCFaCFjBr 

ClCFiCF-NCFjCFaBr 

CFjCF-NCFiCFBiCFa 


Products  (isomer  ratio) 


CFjCa,N-CClCFaBr,  CFjCCl-NCClaCFjBr  (3:2) 
CjF»Ca,N-caCFaBr,  C,FjCa-NCCliCFaBr  (1:10) 
aCFaCClaN-CaCFaBr,  aCFaCa-NCQaCFaBr  (1:1) 
CFaCClaN—CClCFBtCFa  (one  isomer) 
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Aia, 

r<^cf2)„cf2 - -  RfCa(CF2)„ca2 

^0-1  1-0-1 


The  mechanism  proposed  for  this  conversion  involves  the  formation  of  an 
aluminum  complex  by  the  abstraction  of  an  a-fluorine,  i.e. 


CF-O^y 


(  CF-CWT''-.— ►'cF-0<F  J  AlCUF* 


Exchange  is  then  completed  by  abstracting  a  chloride  ion  from  AlClgF"  by 
the  carbocation  intermediate.  The  process  is  repeated  a  further  two  times 
until  the  trichloro  derivative  is  finally  formed. 

In  an  attempt  to  obtain  more  information  with  regard  to  the  mechanism 
of  the  halogen  exchange,  a  series  of  reactions  were  carried  out  on  the  3- 
azaalkene,  CFaCF-NCFaCFaBr,  using  varying  quantities  of  AICI3.  Our  results 
showed  that  before  halogen  exchange  occurs,  the  imine  undergoes  isomer¬ 
ization  (eqn.  (4)]  similar  to  the  equilibrium  that  has  also  been  observed 
when  the  imine  is  treated  with  active  KF. 


CFjCFxNCPjCFjBr  (3=3(121^=0^2®' 

The  next  step  is  probably  similar  to  that  already  described,  in  that  an  anionic 
aluminum  complex  is  formed  by  the  abstraction  of  the  a' -fluorine  (CF»=N) 
from  each  of  the  isomeric  imines.  This  will  then  give  rise  to  the  carbonionic 
intermediates  shown  in  Scheme  1. 

Chlorination  then  occurs  to  afford  the  two  monochloro-imines  (A)  and 
(A').  A  mixture  of  these  isomers  (1A:3A')  was  successfully  isolated  in  a  3:1 
reaction  of  CFaCF—NCFiCFjCFjBr  with  AICI3  and  (denied  by  ‘®F  NMR 
spectroscopy  [CFa^CCl-NCFz^CFj^^r,  fiA  -73.2  (s),  5B  -99.8  (t),  3C 
-69.0  (t);  Jbc-6.0  Hz;  CF3‘K:F2®N-CClCF3‘^r,  5A  -86.0  (s),  SB  -103.2 
(s),  5C  -57.4  (s)]. 

The  next  step  would  entail  the  removal  of  an  a-fluorine  from  the  N-CFg 
group  of  each  of  the  two  isomers.  This  then  gives  rise  to  a  series  of  resonance- 
stabilized  intermediates  shown  in  Scheme  2. 


Aia, 

(3=3(3=  =  NC3=2(3=2Br 
AOj  -F' 

(+) 

(T3C  a  NCT2CT2®' 

AiajF-  *a' 

CF3(XlaN(3=2(3=2Br 


(3=3(3=2N  =  CF(3=28r 

AlQj  -F' 

” 

(■*■) 

(3=3(3=2N  =  C-(3=2Br 

Aic^F-  +a' 

T 

(TjCPjNaCaCFjBr 

(A-) 


(A) 

Scheme  1. 
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CF3Ca  =  NCF2CF2Br 

1 

(+) 

CF3CQ  =  NCPCF2Br  (a) 

I 

(+) 

CT30aN  =  CFCF2Br  (b) 

1^- 

CF3Ca  =  NCKaCF2Br 
(B) 

Scheme  2. 


CF3CF2N  =  caCF2Br 
-F' 


p" 


(+) 


CFjCFNsCaCFjBr  (a') 

I 


.(+) 


CF3CT  =  NCaCF2Br  (b') 

|♦a■ 

CF3CFaN  =  CaCF2Br 
(B-) 


The  canonical  forms  (a,  a')  and  (b,  b')  are  also  further  stabilized  by 
the  effect  of  a  mesomerlc  interaction  which  occurs  between  an  empty  orbital 
on  carbon  and  an  unshared  pair  of  electrons  on  the  adjacent  halogen 
♦  r>, 

-C-Y  „ - ►-C  =  Y(Y  =  F.a) 

I  I 

The  (+M)  effect  of  the  fluorine  is  stronger  than  that  of  chlorine  [7),  thus 
fluorine  should  bestow  a  greater  degree  of  stability  on  the  canonical  forms 
(a)  and  (a')>  This  is  also  coupled  with  the  fact  that  chlorine  has  a  greater 
stabilizing  effect  on  the  imine  (C— N)  bond  than  does  fluorine.  Therefore  if 
we  consider  these  intermediates  to  be  the  predorninant  ones.  The  addition 
of  chloride  ion  will  afford  the  dichloro-compounds  (B)  and  (B').  Unfortunately 
all  attempts  at  isolating  the  dichloro  derivatives  have  so  far  proved  unsuc- 
cessfuL  The  process  is  further  repeated  until  the  a,a,a'-trichloro  analogs 
are  finally  formed. 

The  ratio  of  the  isomers  formed  cannot  be  easily  explained.  It  may  arise 
firom  the  initial  step  of  isomerisation  of  the  imreacted  imine,  although  we 
have  no  clear  evidence  that  the  ratio  of  the  fiiud  products  is  related  to  the 
ratio  of  the  unreacted  imine  isomers.  We  could  base  our  observations  on 
steric  grounds.  After  abstraction  of  the  third  fluorine  the  following  stabilized 
cation  is  formed: 

=  CClRy  -  R,Ca  =  N.^ciRy 

R,=CF3.  CzFj.  aCF;.  RysCFzBr.  -CFBtCFs 

In  the  case  where  R,  — CICF2  and  R,  — BrCFj,  these  two  groups  are  of 
similar  size;  hence  CI~  should  show  an  equal  preference  to  attach  at  either 
carbon  adjacent  to  the  two  groups.  As  a  result  we  would  expect  the  products 
to  be  a  1 : 1  mixture  of  isomers,  which  is  in  agreement  with  the  result  observed. 
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When  R,-CF3,  Ry-CFBrCFa,  R,  is  bulkier  than  R,,  thus  on  steric  grounds 
we  would  expect  Cl"  to  attach  preferentially  at  the  position  acUacent  the 
group  R,.  This  would  give  rise  to  CFaCCl^N^CClCFBrCFs  as  the  major 
isomeric  product.  In  this  case  the  steric  effect  must  be  extremely  predominant 
as  no  trace  of  the  other  isomer  CFaCCl^NCClzCFBrCFa  was  detected. 

The  identity  of  the  new  compounds  is  strongly  supported  by  the  data 
given  in  the  experimental  section.  In  most  cases,  molecular  ions  MH"^  are 
observed  and  all  exhibit  a  base  p>eak  corresponding  to  (M  — Cl)*  in  the  Cl 
mass  spectra. 

The  effect  of  exchanging  the  fluorine  aton«  around  the  imine  group  by 
chlorine  should  result  in  a  shift  of  the  C»N  stretching  frequency,  which 
usually  occurs  in  the  region  of  1780  cm"*  for  the  unreacted  imines,  to  a 
much  lower  wavenumber.  This  is  observed  and  each  new  imine  shows  a 
strong  C»*N  absorption  near  1690  cm"*  in  the  infrared  spectra. 


DehaLogencUion  of  R^CCL2N^CClCFXBr:R^CCl“^NCCl2CFXBr 

The  conversion  of  the  — CF—NCF2"  group  to  —  CCl**NCCl2"  provides 
a  series  of  highly  halogenated  azaalkenes  that  should  readily  undergo  de- 
halogenation  to  afford  hetero-dienes.  Although  there  are  a  variety  of  methods 
one  could  use  to  accomplish  this  (81,  zinc  dust  in  sulfolane  proved  very 
effective.  Sulfolane  proved  to  be  an  excellent  solvent  since  not  only  was  it 
urveactive  towards  the  imines,  but  its  high  boiling  and  low  volatility  meant 
that  the  products  could  easily  be  separated  from  the  reaction  mixture  by 
vacuum  line  fractionation.  The  products  isolated  were  all  identified  as  those 
listed  in  Table  2. 

It  is  interesting  to  note  that  in  all  cases  elimination  of  BrCl  occurs  in 
such  a  manner  that  only  1,3-dienes  are  formed  (eqn.  (5)): 


RjjCOjN^CXnCFXBr 

RjCXasNCOjCFXBr 
R,-CF„  C,F,.  aCF„  X-F,  CF, 


> 


_ia_ 


Sulfoltae 


R,jCa=Nca=cFx 


(5) 


In  order  for  this  to  occur  each  of  the  isomers  must  undergo  dehalogerration 
via  slightly  different  routes.  The  isomer  R^CCleN— CClCFXBr  dehalogenates 
by  a  1,4-eliinination  of  BrCl.  The  first  step  in  this  metal-induced  process  is 
probably  nucleophilic  attack  by  the  zinc  on  the  electrophilic  bromine.  Loss 
of  ZnBr*  results  in  the  formation  of  a  short-lived  carbonionic  intermediate 
(9,  10),  which  very  rapidly,  via  the  shift  of  the  imine  (C— N)  bond,  eliminates 
Cl"  from  the  4-position  (Scheme  3). 

The  other  isomer,  R,CC1— NCCIaCFXBr,  undergoes  a  1,2-elimination  of 
BrCl  firom  the  ^-alkyl  side-chain  where  the  imine  group  plays  no  part  in  the 
elimination  process.  There  is  also  the  possibility  that  the  isomer  R,. 
CC12N— CClCFXBr  can  undergo  a  1,2-elimination  to  form  a  1,2-diene  (ke- 
tenimine)  of  the  type  R,CCl2N— C— CFX.  However,  no  such  products  were 
observed  in  any  of  the  dehalogenation  reactions. 

All  the  new  dienes  were  identified  by  interpreting  the  data  given  in  the 
experimental  section.  Molecular  ions  MH*  or  M*  were  observed  for  each 


TABLE  2 

Dehalogenation  of  R.CCI,N-CaCFXBrR,CCI-NCCl,CFXBr 
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AzaaUcene 


Conditions 


Products  (%  yield) 


CFjCCliN-CCICFjBr 

CFjCCl-NCCIjCFzBr 


C^FjCaiN-CClCFjBr 
CjFjCa  -  NCCljCF^Br 


C1CF,CC1,N  -  CCICFjBr 
ClCFiCCl  -  NCCljCFjBr 


CFjCCljN-CCiCFBtCFj 


Zn/suifoiane 

22  X:,  1  h 


Zn /sulfolane 
22  *C.  1  h 


Zn/sulfolane 
22  “C,  1  h 


Zn/sulfolane 
22  ”C.  30  min 


CFjlCa  =  S^  ,F 
C  =  C 

Cl^  '  F 
(76) 

CjFjCa^iV^  ^F 

c=c 

Cl"'  F 

(70) 


acF2ca=N^ 


c=c 


Cl 

(83) 


F 

F 


CF,Ca  =  N  F 

C  =  C  E 

^  \ 

Cl  CF3 

^  *  c^^) 

CFjCaaN  CF3 

>  =  <  2 
Cl  F 

ratio  E  :  Z  -  1  :  9 


RjtCOjNsOaCFjlBr 
Zn 

R*Ca-N^Ca^&FX  ZnBr* 

R^CQ  =  NCQ = CFX  *ZnBrCI 
Scheme  3. 


compound  in  either  the  Cl  or  El  mass  spectra  and  all  exhibited  a  strong 
absorption  at  ~1705  cm"'  (KC**N)1  and  a  weak  absorption  at  ~1668 
cm"'  [i<C*C)l  in  the  infirared. 

The  '*F  NMR  spectra  were  straightforward,  those  containing  the  —  C — CF2 
moiety  exhibiting  a  classic  AB  pattern  where  J'ab'22  Hz  and  ^5j^b~790  Hz. 
In  all  of  these  examples  only  one  isomer  was  observed,  the  stereochemistry 
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of  which  could  not  be  determined  from  the  data  available.  For  the  diene 
CFsCCl—NCCl— CFCF3,  a  mixture  of  E  and  Z  isomers  was  detected,  with 
the  Z  isomer  being  the  mayor  one  formed  (eqn.  (5)]: 


,  CFiCCl^N  ^  F 

CF3Ca2N  =  CaCFBiCF,  'C=C  E 

^  ■’  Sulfolane  '‘CF 

+ 


CFjOCfcN  CFi 

c=c 

Cl^  'f 


ratio  E  J:~  1:9. 


(5) 


Conclusion 

To  summarize,  the  reaction  between  a,a,a'-trifluoro*perhaloazaalkenes 
with  AICI3  provides  a  facile  route  to  the  formation  of  the  corresponding 
a,o,a'-trichloro  analogs.  The  practical  use  of  the  trichloro  derivatives  to 
prepare  a  variety  of  highly  halogenated  hetero- 1,3-dienes  in  good  yields  has 
also  been  demonstrated.  Further  studies  of  the  reaction  chemistry  of  these 
dienes  and  other  related  compounds  are  currently  in  progress. 
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SUMMARY 

Low-temperature  fluorination  of  A/,A/-dichloro-1-fluoroformamide,  FC(0)NCl2, 
has  provided  a  more  convenient,  high-yield  (75%)  synthesis  of  dichlorofluoramme, 
FNCI2.  previously  available.  In  an  attempt  to  further  expand  the  novel  metal 

fluoride  promoted  conversion  of  N-CI  bonds  to  N-Br  bonds,  both  FC(0)NCl2  and 
FNCI2  were  reacted  with  bromine  in  the  presence  of  various  alkali  metal  fluorides. 
No  evidence  was  found  for  the  formation  of  either  FC(0)NBrCI  and  FC(0)NBr2  or 
FNBrCI  and  FNBr2  in  these  reactions.  In  fact,  FC(0)NCl2  was  found  to  decompose 
to  C(0)F2,  N2,  and  CI2  in  the  presence  of  alkal  metal  fluorides. 

INTRODUCTION 

In  1904  Zheng  et  al.  reported  a  novel  fluoride  promoted  conversion  of 
N-CI  bonds  to  N-Br  bonds  as  shown  in  eqn.  (1)  [1].  It  then  became  of  interest 

CsF/Br,  CsF/Br- 

CF3NCI2 - ^  CFgNBrCI  - ^  CFgNBrg  (1) 

to  see  whether  or  not  this  methodology  could  be  extended  to  the  preparation  of 
unknovwi  Af-halo  amines  such  as  FNBrCI  and  FNBr2.  However,  before  this 
investigation  could  be  carried  out,  it  was  deemed  necessary  to  find  a  more 
convenient  and  safer  method  of  preparing  laboratory  quantities  of  dichloro- 
fluoramine,  FNCI2.  The  results  of  this  investigation  are  reported  herein. 
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EXPERIMENTAL 

The  compound  FC(0)NCl2  was  prepared  by  literature  methods  [2].  Cesium 
fluoride  (99.9%)  was  activated  by  fusing  in  a  R  dish,  followed  by  grinding  in  jar  mill  to 
a  very  fine  powder  under  anhydrous  conditions,  while  NaF  was  taken  from  laboratory 
stock  and  dried  in  vacuo.  Bromine  was  dried  over  P2O5  and  distilled  prior  to  use. 

Caution!  Many  tl-haio  compounds  are  known  to  be  powerful  explosives; 
therefore,  suitable  safety  precautions  should  be  kept  in  mind.  We  advise  that  the 
preparations  and  reactions  of  these  materiaJs  be  done  on  a  small  scale. 

Infrared  spectra  were  obtained  on  a  Perkin-Eimer  1430  Data  System;  a  lO-cm 
glass  cell  fitted  with  KCI  windows  was  employed.  Mass  spectra  were  taken  on  a  HP 
5a95A  GC-MS  system.  ^®F  NMR  spectra  were  recorded  on  a  JEOL  FX-90  Q 
spectrometer  at  84.25  MHz  and  referenced  to  internal  CCI3F. 


Synthesis  of  dichlorofluoramine.  FNCU 

Thedichloroamide  FC(0)NCl2  (3.0  mmd)  was  condensed  into  the  bottom  of  a 
150  mL  stainless  steel  cylinder  chilled  to  liquid-nitrogen  temperature.  The  level  of  the 
liquid  nitrogen  was  then  raised  and  a  slight  excess  of  elemental  fluorine  (3.5  mmol) 
was  slowly  added.  The  reaction  vessel  was  placed  in  a  Dewar  of  evaporating  liquid 
nitrogen  and  allowed  to  warm  slowly  to  room  temperature  overnight.  The  vessel  was 
then  rechiiled  to  -196°C  and  attached  to  the  vacuum  line  where  any  noncondensible 
materials  were  removed  through  a  scrubber  filled  with  soda  lime.  The  condensible 
materials  were  then  transferred  to  the  vacuum  system  and  passed  through  a  series 
of  traps  at  -80,  -115  to  -120,  and  -196®C.  The  trap  at  -80®C  stopped  O.l  mmol  of 
unreacted  FC(0)NCl2.  while  the  trap  maintained  at  between -115  and -120°C  held 
the  desired  product  FNCI2  (2.25  mmol)  in  75%  yield.  The  identity  and  purity  of  the 
FNa2  ascertained  primarily  through  infrared  spectroscopy  [3].  The  -196°C  trap 
contained  (3.5  mmol)  primarily  COF2. 


Reactions  of  FCfQ1NCl2  and  FNClo  with  Br^  and/or  MF.  where  M  =  Na.  Cs 

In  a  typical  reaction  (see  Table  1),  NaF  (0.1  g;  2.38  mmol)  was  loaded  into  a 
2S0-mL  glass  vessel  in  a  drybox  under  nitrogen  atmosphere.  The  vessel  was  then 
evacuated,  and  FC(0)NO2  (0.5  mmol)  was  condensed  in  at  -196^0.  The  reaction 


TABLE  1 

Reactions  of  FC(0)NCl2  and  FNCI2  ®'’2  where  M  =  Na,  Cs 
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Reactants  (mmol) 

Conditions  (®C/h) 

Volatile  Products  (mmol) 

FC(0)NCl2  (0.5) 

Br2  (2.0) 

-1960c  to  RT/2-3  h 
RT/12h 

No  Reaction 

FC(0)NCl2  (4.8) 

CsF  (10.0) 

-1960C  to  RT/2-3  h 
RT/12h 

IR  -  COF2 

noncondensibles  -  N2 

FC(0)NCl2  (0.5) 

NaF  (2.38) 

-1960c  to  RT/2-3  h 
RT/12h 

COF2  (0.5).  Cl2(0.25) 
noncondensibles  -  N2 

FC(0)NCl2  (5.0) 

NaF  (15.0)/ 
Br2  (10.0) 

-1960c  to  RT/2-3  h 

RT/ 12 h 

IR  -  COF2 

noncondensibles  -  N2 
unreacted  Br2 

FC(0)NCl2  (4.8) 

CsF  (10.0)/ 
Brj  (10.0) 

-1960c  to  RT/2-3  h 
RT/12h 

IR  -  COF2 

noncondensibles  -  N2 
unreacted  Br2 

FNCI2  (2  0) 

CsF  (5.0)/ 
Brg  (5.0) 

-1960c  to  RT/2-3  h 
RT/12h 

IR  -  FNO2  (trace)  [8] 

IR  -  f-N2F2  (trace)  [9] 
noncondensibles-  N2 
unreacted  Br2  &  BrCI 

FNCI2  (2-25) 

CsF  (5.0)/ 
Br2  (5.0) 

-1960c  to -50Oc/2-3h 
-40Oc/3h&-30Oc/12h 
0Oc/12h 
10Oc/12h 

unreacted  FNCI2  (116) 
noncondensibles  (0.55) 
unreacted  Br2  &  BrCI 
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mixture  was  allowed  to  warm  slowly  to  room  temperature  and  react  overnight.  The 
volatile  products  were  then  moved  to  the  vacuum  line  for  trap-to-trap  distillation.  Lots 
of  noncondensibles,  presumably  nitrogen,  were  removed  during  this  process.  The 
remaining  condensibles,  which  were  yellow  in  color,  were  then  transferred  to  a  trap 
containing  mercury  in  order  to  test  for  the  presence  of  chlorine.  Approximately,  one- 
third  or  0.25  mmol  of  the  condensibles  were  scrubbed  by  the  mercury,  and  the 
remaining  condensibles  (-0.5  mmol)  were  shown  by  infrared  spectroscopy  to  be 
predominantly  COF2. 


RESULTS  AND  DISCUSSION 

The  need  for  an  improved  synthesis  of  FNCI2  was  recently  made  obvious  in  a 
report  to  L'..s  Journal  by  Gibert  and  co-workers  [4].  In  this  paper,  the  authors 
overview  the  previous  routes  to  FNCI2  and  describe  their  modifications  to  a  route 
originally  reported  by  Pankratov  and  Sokolov  [5],  namely  the  fluorination  of  NH4CI. 
Although  this  method  avoids  the  dangers  associated  with  preparing  FNCI2  from 
NaN3  and  GIF  [6]  (explosive  intermediate  CIN3  [7]),  it  still  suffers  from  both  relatively 
low  yields  and  difficulties  in  the  separation  of  FNCI2  from  other  side  products  such  as 
CINF2  and  CI2  [4].  In  our  investigation,  we  found  that  laboratory  quantities  of  CINF2 
could  be  produced  in  75%  yield  from  the  low-temperature  fluorination  of  FC(0)NCl2 
(eq2).  In  addition,  the  product  is  easily  separated  from  any  unreacted  starting 

-196®CtoRT 

FC(0)NCl2  +  F2  - >  FNCI2  +  COF2  (2) 

materials  as  well  as  the  COF2  and  any  other  by-products  formed. 

The  reactivity  of  FC(0)NCl2  in  the  presence  of  bromine  and  alkali  metal 
fluorides  both  separately  and  together  was  then  studied  in  an  attempt  to  prepare 
FC(0)NBrCI  and/or  FC(0)NBr2.  The  formation  of  either  of  these  new  haloamines 
was  precluded  by  the  more  ready  decomposition  of  FC(0)NCl2  in  the  presence  of 
fluoride  ion  as  shown  in  equation  3.  This  observation  is  not  surprising  in  view  of  the 

-196°CtoRT 

FC(0)NCl2  +  MF  - COF2  +  MCI  +  Ng  +  'h  CI2  (3) 

fact  that  the  decomposition  of  FC(0)NSF2  to  COF2  and  NSF  is  known  to  take  place 
at  temperatures  as  low  as  0°C  in  the  presence  of  cesium  fluoride  [10].  The  reaction 


of  FNCI2  with  Br2  and  CsF  failed  to  produce  any  evidence  for  either  FNBrCI  or  FNBr2 
under  conditions  tried  (see  Table  1).  Again,  large  amounts  of  noncondensible  gas 
were  formed  during  each  reaction. 
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The  hydralyati  of  several  perhak>-l>broiiio>3-aza^alkenea  (RsCF—NCFiCFjBt,  R,  >  CF3,  CtFg,  ClCFi)  affords 
the  correaponding  add  amide  (R,CONHCF]CF]Br)  in  excellent  yield.  Dehydiofluorination  of  the  amides  using 
active  KF  pvee  the  novel  1,3‘heterodienes,  periialo-l-biomo-3-aza-4-oxo-2*alkenes  ff^CON^TCF^Br),  in  high 
yield.  Detaila  on  the  synthesis  and  properties  of  the  new  compounds  are  given  along  with  some  reaction  chemistry 
of  the  dienes. 


latrodaetion 

Recently,  we  have  reported  that  highly  halogenated 
N-btomo-l-alkaniminea  (R,CF«NBr)  can  be  prepared  in 
excellent  yields  by  treatment  of  the  corresponding  per- 
halogenat^  nitrile  with  bromine  and  activated  cesium 
fluoride.' 

R* 

lt,C  o  N *  CsF  ♦  2Brj  - ►  'C  » N  ♦CtBr, 

?'  'Br 

This  one-step  general  synthesis  combined  with  the  good 
thermal  stability  the  imines  has  allowed  us  to  investigate 
the  chemistry  of  these  compounds  in  some  detail 

Previous  sUidies  of  other  N-halo  compounds  have  shown 
that  the  N-X  (X  ■  Cl,  Br)  bond  is  very  labile,  and  as  a 
result,  such  compounds  react  quite  readily  under  mild, 
thermal  ctmditions  with  halogenated  olefins  to  give  1,2- 
addition  products.*^  In  direct  comparison,  the  com¬ 
pounds  I^CF^NBr  also  undergo  Mmilr  ad<fltion  reac¬ 
tions  with  olefins  to  form  perhalo- l-bromo-3-asa-3-alkenes 
(R,CFw«NCYY'CZZ'Br).*  As  p^  of  this  work,  we  have 
prepared  a  series  of  these  addition  producta  by  treating 
various  iV-bromoperhalo-  I-alkanimines  with  tetrafluoro- 
ethyiene. 


'  N  ‘  24  hr.  /•  \ 

F  Br  F  CFjCFiBr 

R,«CFj.C2Fs.aCFj 
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The  above  compounds  were  typically  prepared  as  in¬ 
dicated  by  heating  the  R^CF^-NBr  (5  mmol)  and  a  2-fold 
excess  of  CFz-KlFj  in  a  Pyrex  vessel  The  products  were 
easily  separated  from  excess  olefin  and  any  unreacted 
N-biomo  imine  by  vacuum-line  fractionation.  Although 
there  exists  the  possibility  of  syn  and  anti  isomerism  about 
the  C~N  bond,  previous  Nhffi  studies  indicate  that  only 
one  isomer  is  formed,  and  it  is  assumed  on  steric  grountb 
that  the  observed  isomw  is,  in  each  case,  the  one  with  both 
perhaloalkyl  groups  anti  to  erch  other.' 

Further  investi^tion  of  the  reaction  chemistry  of  the 
perhalo-N-alkyl-l-alkanimines,  in  particular  their  use  as 
precursors  to  a  series  of  Ughly  halogenated  1,3- 
heterodienes,  has  been  carried  out,  a^  the  results  of  some 
of  these  studies  are  discussed  herein. 

Results  and  Discussion 

Hydrolysis  of  R^CF— NCF2CF2Br.  Pravious  studies 
of  other  perhaloalkanimines  have  shown  that  they  usually 
undergo  complete  or  partial  decomposition  with  HjO  at 
20  *C.  For  example,  CF3N"’'CF2  decomposes  to  give  C0» 
NH4F,  and  HF,^  whereas  C3F7N— CF2  is  converted  to 
CtFtCN  and  CjFsCONHj.  With  less  thu  stoichiometric 
amounts  of  HjO,  hydrolysis  is  incomplete  and  a  low  yield 
of  the  correspondlDg  isocyanate  is  formed.* 

Hydrolyais  of  the  perhalo-l-bramo-S-aza-S-alkenes  in  our 
study  was  carried  out  by  «h»king  with  an  equimolar 
amount  of  HjO  at  room  temperature  for  2-4  h.  The 
products  formed  were  all  low-melting,  white  crystalline 
solids  and  were  easily  identified  by  both  infiued  and 
NMR  spectroscopy  as  the  corresponding  acid  amides  (eq 
1).  The  full  characterization  of  these  compounds  is  given 
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in  the  Experimental  Section.  Conceptually  the  fonnation 

R  H 

*'c»N  R^CNCPiCFiBr^HF  (1) 

^  \  22*C  II  * 

F  CFjCFjBr  0 

*  ^^3*  ^2^3*  Cld*2  65  -  70% 

of  the  amides  is  straightforward.  Addition  of  HjO  to  the 
C~N  bond  followed  by  elimination  of  HF  gives  rise  to  the 
observed  products  (eq  2).  Due  to  the  presence  of  the 
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Scheme  I 

0  F  H 

II  p-  I  I 

R^CNCFjCFjBr  — ►  R^C-  NCFjCFjBr 
0- 

F  H 

RxC-iWjCFjBr  - ►  RxOOF  +  HNCFjCFjBr 

o- 


CF2CF2Br 


^  R.-h. 


C-  NCF2CF2Br 
I 

GH 


H 

R,  CNCFiCFjBr  (2) 

II 

O 


(R^  group,  the  amides  formed  are  quite  stable  and 
further  decompositum  to  form  isocyanates  is  not  observed. 
However,  long  reaction  times  or  the  addition  of  excess  HjO 
does  result  in  a  decrease  in  the  overall  yield  of  the  amide. 
The  lower  yield  is  caused  by  the  amide  undergoing  further 
hydrolysis  and  decomposing  to  form  other  carboxylic  de¬ 
rivatives  (eq  3). 


H  O 

I  tUO  II 

R,CNCF2CF2Br-2I_*.  R^C02H *  BfCF2CNH2  (3) 

O 


R,  =  CFj.C2Fj.aCF2 


While  only  three  examples  are  presented  here,  the  hy¬ 
drolysis  is  clearly  a  general  reaction  that  can  be  appli^ 
to  the  synthesis  of  a  wide  variety  of  amides.  A  large 
number  of  precursor  imines  are  available  by  the  addition 
of  R,CF~NBr  to  almost  any  desired  olefln.* 
Oehydroflaorination  of  ^C(0)NHCF2CP]Br. 
Dehydrofluorination  of  the  amides  to  form  perhalo- 1- 
bromo-3-s2a-4-oxo-2-alkenes  (eq  ^  was  readily  achieved 
by  gently  heating  the  I^CONH(^F2(^2Br  with  an  excess 
(rf  active  KF.  Afte  purification  the  products  were  isolated 
in  '>50-60%  yield.  Various  attempts  to  improve  the  yield 


R]^CNi»r2U*2Br 


SO^:.  I  hr. 


O  F 
II 

R-CNiC 
^  'CF2Br 


were  unsuccessful,  and  too  high  a  reaction  temperature  or 
prolonged  exposure  to  the  only  resulted  in  the  for¬ 
mation  of  the  deomposition  products,  R,C0F  and  BrC- 
PjCN.  Formation  of  these  products  can  occur  via  two 
possible  mechanisms.  First  of  all,  apart  ftom  dehydro¬ 
fluorination  to  form  the  1,3-heterodiene,  the  amide  can 
undergo  nucleophilic  attack  by  F*  at  the  carbonyl  center, 
where  the  elimiiMtion  of  BrCF2CF2NH~  accounts  for  the 
formation  of  R^COF.  The  nitrogen  anion  can  then  lose 
F~  to  give  the  N(H)  imiiw,  which  subsequently  eliminates 
HF  to  give  bromodifluoroacetonitrile  (Scheme  D. 

Alternatively,  once  the  iV-acylimine  has  been  formed, 
fluoride  ion  can  now  attack  at  its  carbonyl  center.  De¬ 
composition  of  the  snion  then  formed  can  give  rise  to  the 
observed  products  (Scheme  H).  Further  experiments  have 
shown  thtt  whm  the  pure  1,3-heterodienes  sre  treated  with 
fresh  KF  or  CsF,  decomposition  to  the  acyl  fluoride  and 
nitrile  occurs  quite  readily,  thus  giving  support  to  the 
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second  mechanism.  However,  the  first  mechanism  cannot 
be  excluded  on  the  basis  of  these  results,  and  it  is  most 
likely  that,  during  the  formation  of  the  N-acylimines,  the 
decomposition  pnxiucts  occtir  via  both  routes.  These  re¬ 
sults  alao  imply  that,  of  the  two  reactive  sites  in  these 
dienes  (C«0,  C^N),  it  is  the  carbonyl  group  that  is  the 
site  addition,  which  leads  readily  to  subsequent  deavage. 

It  is  noteworthy  that  these  results  provide  additionial 
examples  of  the  instability  of  perhalogenated  esters  and 
their  nitrogen  analogues  toward  fluoride  ion.  It  was  first 
noted  by  Shreeve  and  co-workers  that  esters  of  the  type 
RfCOjCFfCF})]  were  uxutable  in  the  presence  of  fluoride 
ion.’  Subsequently  it  was  shown  that  probably  all  halo- 
genated  esters  of  the  type  RxC02R,  where  R  contains  an 
o-fluorine,  are  uiutable  to  fluoride  ion.^°  Later  it  was 
found  that  the  nitrogen  derivatives  RxC(0)NFR,  con¬ 
taining  an  o-fluorine  in  the  carboamide  group,  were  sim¬ 
ilarly  unstable."  With  the  current  results,  the  generality 
of  this  reaction  type  is  extended  to  N-chloroperhalo- 
alkanamides  (see  later  discussion).  These  three  reaction 
types  are  shown  in  eqs  5-7  (R  *  halo  or  perhaloalkyl 
containing  an  o-fluorine  on  the  carbon  bound  to  0  and  N, 
R'  «  alkyl,  halo,  or  perhaloalkyl,  and  R.  >  halo  or  per- 
haloalkyL) 

O  O 

R,C-OR_E_»  Rj^cF.R’CF  (5) 

O 


X  0 

I  B-  II 

R.C  -  NR-1-—  R,C 
II  * 

o  (X=F.  a) 


-  F  ♦  R'CF=  N-X 


(6) 


R,C-F.R'C«N 


(7) 
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In  eq  6,  if  R  >  CF3  and  X  «  F,  the  compounds  do  not 
undergo  the  indicated  reaction,^  and  if  X  »  Cl,  a  similar 
limitation  vdten  R  «  CFs  is  likely.  However,  routes  to  the 
latter  compounds  are  not  presently  available.  For  eq  5  we 
predict  a  aimilar  stability  for  X  «•  F  and  R  *  CFj,  but  the 
only  example  of  this  type,  CFsCCOOCFs,^  is  difficult  to 
prepare,  and  its  reactum  with  fluoride  haa  not  been  carried 
out. 

The  identity  of  the  new  periialo  iV<acyliminea  is  strongly 
supported  by  the  data  given  in  the  EbqMrimental  Section. 
Molecular  ions  MH'*'  are  observed  for  each  compound  in 
the  chemical-ionization  (CD  mass  spectra,  and  each  con¬ 
tains  two  strong  absorptions  in  the  infrared  at  ~179S  and 
1765  cm"‘  due  to  iKC*0)  and  iKC^N),  respectively.  In 
all  cases  for  the  N“CF®CFj®Br  moiety,  the  ‘“F  NMR 
speetnim  exhibits  a  doublet  near  J  -62  for  the  fluorines 
labeled  C  and  a  broad  triplet  near  S  -34  for  the  vinylic 
fluorine  B.  The  coupling  constant  </bc  has  a  value  of  IflKll 
Hz.  No  long-range  V  or  *J  F-F  coupling  was  observed  as 
haa  been  report^  for  CFsCiON^^ICFalj.*^ 

Reaction  of  CF]C(0)N—CFCF2Br  with  CIF.  In  this 
paper  we  only  touch  on  the  reaction  chemistry  of  these 
dienes.  A  miyor  interest  to  us  was  the  polar  addition  of 
CIF  acroaa  the  0*N  bond  and  ediether  or  not  the  reaction 
would  lead  readily  to  C— N  bond  cleavage,  forming  NClj 
derivativea.**  The  additkm  (tf  CIF  yields  tlte  cmrespcmding 
N-chloroalkanamide  in  almost  quantitative  yield  (eq  6). 

Cl 

CFjCN.CFCFjBr.aF - ►  CFjC -N-CF,CF,Br  (8) 

II  II  '  “ 

o  o 

The  completion  of  the  reaction  was  readily  ascertained 
due  to  the  diaappearance  of  the  C~N  stretchLog  frequency 
at  1764  cm*‘,  coupled  with  a  shift  of  the  C— 0  stretching 
frequency  from  17M  to  1772  cm"*  in  the  infrared  spectrum. 
For  CFjC(0)N(Cl)CF2CFjBr,  in  the  ‘"F  NMR  spectrum, 
long-range  spin-spin  coupling  between  the  acyl  CFa  and 
NCFj  groups  is  obsarved  (V  «  3.9  Hz). 

When  the  above  reaction  was  carried  out  with  a  slight 
excess  of  (]1F,  (3F3C(0)N(Cl)CFj(^2Br  was  still  the  major 
product  formed;  however,  small  amounts  of  CFjCOF  and 
BrCF^CFiNClj  were  detected.  These  two  products  are 
probably  formed  by  the  further  reaction  of  CIF  with  the 
N-C-0  bond.‘« 

The  N-chloroalkanamide  is  thermally  very  stable. 
However,  as  previously  mentioned,  it  has  been  shown  to 
be  unstable  in  the  presence  fluoride  i<m.  In  the  presence 
of  CsP,  CFsClONlOCFjCF^Br  decomposes  very  rapidly 
to  form  CF3COF  and  BrCF^F— NCI.  The  probable 
mechanism  of  this  decomposition  is  outlined  in  Scheme 
III. 


The  “"F  NMR  spectrum  for  BtCF2^CF®“NQ  shows  two 
peaks  at  5  -57.9  (d)  and  S  -40.6  (t)  which  are  due  to  the 
fluorines  labeled  A  and  B.  respectively.  In  aU  of  the  NBr 
and  NCI  imines  we  have  previously  prepared,*^  the  vinylic 
fluorine  usually  appears  in  the  region  of  5  -20  to  -30 
(upfield  from  CFClg),  which  we  attrilxite  to  the  compounds 
adopting  the  syn  coufiguratioiL  The  shift  of  B  to  a  higher 
field  suggests  that  the  N-chloroimine  formed  in  the  de¬ 
composition  reaction  adopts  the  anti  configuration  as  in¬ 
dicated  in  Scheme  HI. 

Conclusion 

The  practical  use  of  perhaloazaalkenes  to  prepare  a 
variety  of  secondary  amides  in  good  yield,  by  hydrolysis 
with  H2O,  has  been  demonstrated.  These  compounds 
easily  undergo  dehydrofluorination  using  KF  to  afford  a 
novel  class  of  perh^o  l,3-heterodiene8.  Further  studies 
of  the  reactions  of  these  new  dienes  are  in  progress. 

Experimental  Section 

General  Methods.  All  work  was  earned  out  in  a  Pyrez  vacuum 
system  equipped  with  glase-Teflon  valves.  Pressures  were 
measured  with  a  Wallace  and  Tiernan  Series  1500  differential 
pressure  gauge.  Quantities  of  reactants  and  products  were 
measured  by  direct  weighing  or  by  PVT  measurements.  Tem¬ 
peratures  were  meaauri^  by  using  a  digital  indicating  iron- 
constantan  thermocouple.  Molectilar  weights  were  obtained  by 
gas  density  measurements. 

NMR  spectra  were  recorded  with  —1%  CFCI3  being  used  as 
the  internal  reference.  Maas  spectra  were  recorded  at  70  eV  for 
electron-impact  (ED  and  chemical-ionizadon  (Cl,  CH4)  spectra. 
Samples  were  introduced  by  direct  gas  injection. 

Melting  points  were  measured  directly  and  boiling  points  de¬ 
termined  SiwolobotTs  method**  and  are  uncorre^ed. 

Purity  of  new  compounds  was  estahlished  by  I*?  NMR  Spectra 
were  generally  free  <d  fluorine-containing  impurities  or  contained 
only  trace  amounts  of  impurities. 

Heageats.  KF  was  obtained  from  commercial  sources  and 
appropriately  activated  as  previously  described.'*  Tbe  compounds 
CFjCP— NCPjCFjBr,  C:,F,CP— NCT,CF,Br,  and  aCF,CP-N- 
CF2CF2Br  were  prepar^  by  the  literature  method.*  CIF  was 
prepared  by  heating  equimolw  amounta  of  Clt  and  F2  in  a  Monel 
bomb  for  18  h  at  250  *C. 

Geaeral  Procedure  for  the  Hydrolysia  of  R^CF— 

NCFiCF2Br.  R,CF^NCF2CF2Br  (5.0  mmol)  and  H2O  (5.0  mmol) 
were  bo^  condensed  into  a  50-mL  Pyrez  flask  fltted  with  a 
glase-Teflon  stopcock.  Tbe  vessel  was  then  warmed  and  shaken 
at  room  temperature  for  2-4  b.  Trap-to-trap  fractionation  (-10, 
-96,  and  -196  *C)  afforded  the  corresponding  amide  in  the  -10 
*C  trap,  and  any  unreacted  Rx(7F— N(^2(72Br  was  collected  in 
the  *C  trap.  Yields  were  typically  65-70%,  and  the  com¬ 
pounds  were  characterized  as  foUowa. 

CFsCfOlNHCFjCFjBr  mp  29.5  *C;  IR  (gas)  3554  (w),  3460 
(vs.  NH),  1799  (VB,  OO),  1656  (w).  1523  (va),  1354  (w),  1328  (w), 
1^  (s),  1232  (vs),  1184  (vs).  1129  (vs).  1099  (va),  1029  (w),  935 
(vs).  792  (m).  771  (m).  723  (s),  702  (s),  646  (s),  626  (m)  cm*';  MS 
(Cl.  major)  ns/r  294/292  [(M  -*•  !)♦,  lOO],  274/272  ((M  -  F)*], 
224/222  l(M  -  CF,)*).  212  ((M  -  Br)*],  181/179  (C,F4Br*), 
131/129  (CFjBr*),  (El.  major)  274/272  ((M  -  F)*],  212  ((M  - 
Br)*I,  196/194  [(M  -  CF3CO)*l.  162  ((M  -  CF,Br)*.  1001  131/239 
(CFJBr’-).  119  (C,F,*),  100  (C,F«*).  69  (CFj*);  “F  NMR 
CF,*C(0)NHCF,"CFt'^r  (dracetone)  i*  -75.6,  is  -94.2  (q),  4c 
-67.2  (t),  ,/bc  “  4.5,  J}a*  ■  4.5  Hz;  'H  NMR  4  10.85  (br). 

CFsCF^fONHCFjCFjBr  mp  36  “C;  IR  (gas)  3555  (w).  3458 
(s.  NH).  1790  (vs,  C^).  1520  (va),  1340  (s),  1290  (a).  1221  (va). 
1179  (s),  1135  (m).  1101  (vs),  1031  (vs),  931  (vs),  868  (w),  720  (w), 
703  (m)  cm-':  MS  (Cl,  major)  m/z  344/342  [(M  +  !)♦.  100], 
324/322  ((M  -  F)*),  276/274  [(M  -  CF,)*).  262  ((M  -  Br)*), 
181/179  ((V^Br*).  (El.  major)  276/274  ((M  -  CFj)*l,  224/222 


(12)  Chang,  S.  C.;  OesMarteau,  D.  0.  J.  Org.  Chtm.  IMS,  48,  771. 

(13)  Veretti.  B.  L.:  AyaMniao.  P.  J.  An.  Aroe.  Quim.  Argtnt.  1M7. 10, 
1S3.  See  ref  10. 

(14)  Peterman.  K.  E.;  Shreave,  J.  M.  Inorg.  Chtm.  IS74,  13,  2705. 


(15)  Sekiya.  A.;  DaeMartaau,  O.  D.  J.  Org.  Chem.  IMl,  46.  1277. 

(16)  Pavia.  0.  L.  Introduetim  to  Organic  Laboratory  Techniqtur,  W. 
B.  Saunders:  Philadelphia,  1976,  p  537. 
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I(M  -  C,P»)*1. 181/179  (C^*Br*).  119  [((V»*).  lOO],  69  (CF,*); 
“P  NMR.  CP,*CF,“C(0)NHCF,cCP,°Br  (dracetone),  -82.6, 
ig  -122.0,  «c  -34.3  (br  m).  «d  -66-7  (t).  Jco  -  4.4  Hz;  ‘H  NMR 
S  10.80. 

ClCF/:(0)NHCFiCF^r  mp  43.5  *C;  IR  (gas)  3573  (w),  3458 
(I.  NH),  1798  (va,  C— 0).  1518  (va).  1291  (m).  1233  (m),  1170  (a). 
1109  (a).  1028  (va).  990  (m),  930  (a),  865  (w).  669  (m)  cm'':  MS 
(El.  major)  m/z  274/272  {(M  -  Cl)*].  224/222  [(M  -  aCFJ*]. 
181/179  (CiF^r*),  131/129  (CF^r*).  85/87  ((CF^o)*.  100];  ‘»F 
NMR,  ClCFj*C(0)NHCFj®CFj^r  (dfacetom)  -64.9  (a),  ig 
-94.2  (br  m),  «c  -66.9  (m),  »  4.4  Hz;  ‘H  NMR  S  10.8  (br). 

Gonoral  Procedure  for  the  Dehydrofluoriiuition  of 
RiCONHCFjCFjBr.  The  amide  (2.0  mmol)  was  condenaed  onto 
1.0  g  of  KF  cooled  to  -196  *C  in  a  SO-mL  glaaa  reactor.  The 
mixture  was  then  heated  at  60  ‘C  for  1  h,  after  which  time  any 
volatilea  were  pumped  off  and  collected  in  a  -196  *C  trap.  The 
products  were  then  separated  from  any  unreaeted  amide  by 
trap-trap  fractionation.  Yields  were  typically  55-60%. 

CFjC(0)N'^:FCFjBr  bp  76  “C;  IR  (gas)  1795  (vs,  C— 0). 
1765  (va.  C— N).  1319  (a),  1296  (a),  1236  (vs).  1193  (vs),  1133  (va). 
1080  (vs).  942  (vs),  333  (a),  800  (w),  734  (a),  708  (a),  656  (m),  624 
(a)  cm-‘;  MS  (Cl.  major)  m/z  274/272  [(M  +  !)♦.  100],  254/252 
((M  -  F)*],  204/202  l(M  -  CFJ*].  176/174  ((M  -  CF3CO)*]. 
131/129  (CFjBr*),  (El.  major)  204/202  ((M  -  CF,)*].  193  ((M  - 
Br)*].  97  (CFjCO*),  69  ((CF,*).  100];  ‘»F  NMR,  CF,*C(0)N— 
CF*CF,<=Br  (C*D,).  -76.4,  ig  -34.6  (br  t).  «c  -61.7  (d).  » 

11  Hz;  molecular  wei^t  calcd  271.9,  iound  274.5. 

CF,CF,C(0)N— CFCPjBr  bp  91-93  ‘C;  IR  (gas)  1793  (a, 
C— 0).  1764  (va.  C— N),  1336  (a).  1293  (a)  1266  (vs).  1231  (vs). 
1192  (vs).  1143  (vs),  1106  (vs),  1006  (vs).  934  (a),  816  (a),  774  (w). 
738  (a),  714  (m).  661  (w).  626  (m)  cm->;  MS  (Cl  mijor)  m/z  324/322 
[{M  +  1)*.  100],  304/302  ((M  -  F)*].  242  [{M  -  Br)*].  204/202 
[(M  -  C,Fj)*].  192  ((M  -  CFjBr)*],  147  (C,FjCO*).  131/129 
(CF,Br*).  119  (El.  major)  242  ((M  -  Br)*].  204/202  [(M 

-  dF,)*.  100),  69  (CF,*);  ‘•F  NMR  (C,D,).  CF,*CF,“C(0)N— 
CFCCF,®Br.  4*  -816.  ig  -122.4.  ic  -34.4  (br  t).  ig  -61.7  (d).  Jcd 
«  10  H«  molecular  weight  calcd  321.9,  found  318.6. 

ClCF,C(0)N-CPCF,Br  bp  87  ‘C;  IR  (gaa)  1798  (va,  0-0). 
1765  (va.  C-N)  1293  (va).  1257  (w).  1243  (w).  1171  (va).  1128  (va), 
1086  (vs).  1052  (m).  977  (va).  927  (a).  819  (m).  761  (m).  743  (m), 
714  (w).  656  (w),  612  (m)  cm*';  MS  (Cl,  major)  m/z  292/290/288 
I(M  +  1)*.  100],  291/289/287  (M*),  m/T70l2eS  [(M  -  F)*], 
204/202  ((M  -  aCF,)*],  131/129  (CF,Br*).  113  (aCF,CO*).  (El. 
major)  204/202  ((M  -  GCF,)*].  87/85  ((CICF,*).  100];  '»F  NMR 


(C$Dg).  GCF2*C(0)N^^F®CF,^Br.  -65.8,  5g  —34.3  (br  t),  4^ 

-61.5  (d),  i/gc  «  10.5  Hz;  molecular  WNght  calcd  2£&6,  found  289.4. 

Reaction  of  CP,C(0)N(Cl)CP,CF,Br  with  CsF.  CF,C- 
(0)NClCF,CF,Br  (0.25  mmol)  was  condensed  onto  an  ezcees  of 
active  CtiF  (0.45  g)  contained  in  a  50-mL  glass  reactor  at  -196  *C. 
The  mixture  was  warmed  and  stirred  at  room  temperature  for 
2h.  Distillation  of  the  aside  mixture  afforded  two  major  products, 
identified  as  (a)  CF,C(0)F  and  (b)  BrCFjCF— NCL  For 
BrCF,CP— NCh  IR  (gas)  1687  (vs,  0*N),  1348  (w),  1313  (vs). 
1268  (w),  1237  (w),  1189  (vs),  1145  (a),  1113  (vs),  1030  (w),  947 
(vs).  912  (m).  828  (m).  789  (a),  742  (vs),  712  (w),  648  (vs),  605  (m) 
cm-';  MS  (El,  major)  m/z  211/209  (M*).  192/190  [(M  -  F)*], 
132/130  ((M  -  Br)*,  100],  131/129  (CF,Br*),  82/80  (FCNCl*), 
50  (CF,*);  '•F  NMR  (CJ),).  BrCF,^F^NCl.  4*  -57.9  (d).  4g 
-40.6  (t),  Jab  *  12.7  Hz. 

Reaction  of  CP,C(0)N-CFCF,Br  with  CIF.  CF,C(0)- 
N--CPGF,Br  (0.5  mmol)  and  CTF  (0.5  mmol)  were  condena^  into 
a  FEP  reactor  (10  mL)  at  -196  *(j.  The  reactor  was  warmed  to 
room  temperature  and  left  for  1  h,  after  which  time  the  volatile 
products  were  separated  by  trap-to-trap  distillation.  The  major 
product  was  identified  as  (7sC(0)NClCF^CF,Br;  IR  (gas)  1772 
(va,  C— O),  1525  (w),  1341  (a).  1240  (va),  1186  (a).  1169  (a),  1099 
(vs).  1027  (m),  1001  (m).  930  (m),  909  (m),  895  (m),  828  (a),  802 
(a).  777  (vs),  724  (a),  661  (w),  627  (w)  cm*';  MS  (El.  major)  m/z 
248/246  [{M  -  Br)*],  198/196  [(M  -  CF,Br)*].  181/179  (C,F«Br*), 
131/129  (CF,Br*),  97  (CF,CO*).  69  {(CF,*).  100],  50  (CJF,*);  '»F 
NMR  (CgD,).  CF,*C(0)NaCF,"CF,CBr,  4^  -70.7  (t).  4g  -90.6 
(sex.),  4c  -63.6  (t),  *  *^80  *  3.9  Hz. 
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135041-69-9;  Br(CF,),N— CFCF,Cl  111223-75-7;  CF,CON-<F. 
CF,Br.  135041-70-2;  CH,CF,CON-CFCF,Bt,  135041-71-3;  QC- 
F,CON-CFCFJBr,  135041-72-4;  CF,COF.  354-34-7;  CIN-CFC- 
FJBr,  135041-73-5;  CF,CONCl(CF,),Br,  135041-74-6. 

Supplementary  Material  Available:  '*F  NMR  spectra  of 
all  new  compounds  (9  pages).  (Bering  information  is  given  on 
any  current  masthead  page. 


